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PURPOSE of t h i s  DOCUMENT 

Achieve Early Design Compat ib i l i fy  
The achievement of early design compatibility and smooth, effective integration of the 

NIMBUS Spacecraft and experiments a r e  primary requisites to program success. It is 

to these goals that this document i s  addressed. 

Speeif i e  P~rrp<sgiarr 
The specific purposes of this document are:  

o TO SPECIFY the cri teria and requirements which allow for compatibility to 
be designed into the hardware initially. 

e TO DEFINE what is  done in system design and integration to ensure com- 
patibility and minimize adverse effects upon the experiment and the space- 
craft system. 

* TO EMPHASIZE the need for the direct program participation of experi- 
menters and experiment contractors, the extent that such participation is  
required, and why it i s  required. 

e TO ESTABLISH the mechanism for interface control and the exchange of 
specific information. 

TO BEST UTILIZE experience gained from the design and integration of four 
NIMBUS Spacecraft. 

o TO FAMILTARIZE new experimenters and experiment contractors with the 
NIMBUS Spacecraft and with the NIMBUS program. 

Responsibility of Pxpsrimen8er 
It i s  the responsibility of the experimenter to see that this document is  made available 

to and used by cognizant experiment design and management personnel. 

Format and Qrganiza~ion 04 Handbook 
The format and organization of this document have been devised to facilitate its use and 

stimulate user  interest. 

THE TEXT i s  brief and to the point. 

GRAPHICS a re  used throughout. 

THE MATERIAL is covered in distinct sections. 

SEPARATORS identify subject a reas  for easy reference. 

THE NOTEBOOK BINDER APPROACH i s  used for easy addition and removal 
of pages. 

THE 8 1 /2  X 11 PAGE i s  used to faciliate the use of copying machines. 

REVISED P A G E S  :rre identified by date of revision in upper right-hand corner of page. 

REVISIONS are  identified by black line in outside border. 

These features shoul ' be useti to rn:lhlniutn :idv:~ntage. The entlre document should be 

read and it should receive fx-equent use. Specific sections can readily be copied for 

use by specia l~s ts .  



History 

The NIMBUS program began in 1960 under the direction and management of the Goddard Space Flight Center (GSFC) of the 

National Aeronautics and Space Administration. Since the inception of the program, the spacecraft integration and tes t  

contractor has been the General Electric Company. Experiments and subsystems have been provided through the contri- 

butions of a variety of governmental agencies, industrial contractors, and universities. To date, the following seven 

spacecraft have resulted from the NIMBUS program: 

0 NIblBUS I and II (A and C)  

The first  NIMBUS Spacecraft (NIMBUS A) was launched 28 August 1964 and designated NIMBUS I when lt attained 
orbit. NIMBUS C was launched on 15 May 1966 and designated NIMBUS I1 upon attainment of o h i t .  At the time 
of preparation of this document, NIMBUS II was in its 22nd month in orbit and still operating successfully. 

0 NIMEUS B 

NIMBUS B was launched in May 1968. However, due to a booster failure, NIMBUS B never attained orbit. 

r NIMBUS B2 and D 

NIMBUS B2 is scheduled for launch in early 1969 while NIMBUS D i s  projected into early 1970. 

0 NIMBUS E and F 

The sixth and seventh in the NIMBUS ser ies  of spacecraft a r e  E and F. This document is  applicable to experiments 
for these two spacecraft. 

Objective 
The primary objective of the NIMBUS program has been to develop a meteorological satellite system capable of meeting 

the research and development needs of the nation's atmospheric scientists and weather services.  NIMBUS i s  now looked 

at  to perform a broader applications mission. Overall objectives of the program a re :  

e TO PROVIDE AN EARTH-ORIENTED APPLICATIONS PLATFORM capable of supporting a wide variety of 
scientific sensors.  

TO VIEW THE ENTIRE EARTH on a daily basis for prolonged periods of t ime in keeping with research 
requirements. 

TO DEVELOP AND FLIGHT TEST advanced scientific sensors. 

TO COLLECT AND DISTRIBUTE DATA both for the study of atmospheric and earth processes and for immediate 
operational use, a s  required. 

Launch 

WTR 

NIMBUS Spacecraft a r e  launched from the Western Tes t  Range (WTR), Vandenberg Air Force Base, California, 
at  approximately midnight to achieve the desired orbit. 

VEHICLE 

The NIMBUS E and F launch v,,hicIe i s  expected to be the Thorad/Apna D. 

e ORBIT 

The present NIMBUS circular orbit altitude i s  approximately 600 nautical miles and the inclination is  approxi- 
mately 100 degrees. This result8 in a high noon sun-synchronous orbit. (The orbit precession ra te  i s  such 
that the sun remains approximately in the orbital plane.) DP&Eerent orbit altitudes (from 300 to 1000 nm) a r e  
a possibility for future NIMBUS Rights. 



Gasrsradd S t a t i o n s  

6 ULASKA AKD ROShLAN 

The two Command and Data Acquisition (CDA) stations at Gilmore Creek, Alaska, and Rosman, North Carolina, 
utilize 85-foot diameter parabolic antennas to track, receive data from, and command the spacecraft. Ulaska 

acquires the spacecraft an average of 10 out of 14  orbits each day. Rosman acquires an average of two orbits a 
day (of the four missed at  Cllaska) and two orbits for hackup. 

0 KDHS AND WWSC 

Meteorological and engineering data transmitted by the spacecraft a r e  received and partially processed at  Ulaska 
and relayed over a widehand n~icrowave link to the NIMBUS Data Handling System (MDHS) at  GSFC and to the 
National Weather Satellite Center (NWSC) of the Environmental Science Services Administration at  Greenbelt, 
Maryland. Rosman receives data from the spacecraft and transmits it in real time to the NDFIS, where it i s  
processed for use. 

NTCC - 

The NIMBUS Technical Control Center (NTCC) at GSFC, responsible for command and control of the spacecraft, 
determines comnlnnds to be transmitted to the CDA stations over teletype or the \videhand link. 

6 STADAN S T A T I O B  

In addition to ULASKA and ROSMAN,there a r e  other STADAN (Satellite Tracking and Data Acquisition Network) 
stations which can he used for the recording of real  time data. 

OTHER STATIONS 

Other stations (in addition to ULASKA and ROSMAN) may be used for tracking,data acquisition, and commanding 
the spacecraft to  achieve more complete coverage if lower altitude orbits a r e  flown. 

GROUND STATIONS 
E. :..v 

NIMBUS DATA 
HANDLING 
STATION 

GODDARD SPACE 
FLIGHT CENTER 

NIMBUS DATA 
UNlQUl SYSTEM 

N I M B U S  P R O G R A M  DATA F L O W  
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basis MlMBClS Con%-iguratigber~ 
'The XIRLDUS Spacecraft ( s e e  top sketch, opposite) consists  of a modularized components of subsystems and experiments. An 

lower sensory ring structure and an upper housing separated by additional equivalent five bays can be provided in the c r o s s  beam 

t r u s s  supports. The  upper housing contains the Attitude Control a r e a ,  if necessary.  The attitude control sys tem,  sensory  ring, 

Subsystem required for orientation of the spacecraft  and provides and so la r  paddles a r e  thermally independent. An active thermal  

so la r  paddle attachments. The rotating so la r  a r r a y  i s  sun oriented. control  system (utilizing thermal shut te rs )  i s  located on the outer 

The sensory r ing i s  composed of 18 bays for  the location of periphery of the sensory  ring. 

Spacecraft Subsystems 

POWER 

The ~ o \ \ . e r  availahle i s  -24.5 \rdc regulated and -26.5 to  -37.5 vdc unregulated. Regulated power i s  to be w e d  by 
esperixnents. The average power available i s  approximately 225 watts (490 watts peak power). 

0 ATTI'I'UDE CONTROL 

A :<-:ISIS active control system pro\-ides ear th  orientation to a 1-degree pointing accuracy with low angular r a t e s  
;111out each axis. 

TELEMETRY 

Versatile Information Processor  (VIP)  (analog and digital) 

High capacity (512 commands), capability for  (up to 30) stored commands resu l t s  in a versat i le  system. 

CLOCK 

Selected clock signals from 1 Hz to 1. 6 MHz a r e  available. 

e IIATA HANDLING 

High data ra te  s torage system (HDRSS) 
Low data ra te  experiments (data handled by VIP) (VIP output recorded by HDRSS) 

VERY HIGH DATA RATE HANDLING 

A rea l  t ime S-Band t ransn~iss ion  system may be provided for t ransmitt ing data exceeding HDRSS and VIP data r a t e  
capabilities when the spacecraft i s  in view of a command and data acquisition (CDA) station. An additional possibility 
i s  the use  of a very high data r a t e  recording sys tem in conjunction with the S-Band transmisoion system. 

Combined active and passive, holding sensory ring temperature t o  25 f 1 0 ' ~  (and module temperatures t o  25 f 1 5 O ~ ) .  
Heat dissipation capability of the different bays varies from 11 to 17  watts. 

Location of Experiments 
'I t i c ,  l i \ i l i l  h sc nsoi \ 1.1nfi :~ri(l the :lre:l ~ n s i d e  the rink (the c rossbeani  lnents and antennas.  Exper iments  not requi r ing  e a r t h  v i e a s  m a y  be 

: I ~ ~ : I )  , I I , C .  i ~ s c ~ l  lor  the Inc:~ti(in 01 c:irth viexrkng experiment optics and mounted in o ther  a r e a s  of the spacecraf t  such a s  on or inside the support  

vtrctr-rlriics. I r i r  tlrt,sc c,zprr.lnients, s c n s f ~ r  ~ p t ~ c s  coulcl project  :IS t r u s s e s  above the r ing.  E a r t h  vleuing exper iments  which cannot be  

iniuch :is 2 i i n rhcs  l,t,liin llic. r ing,  Ixit In gcner:rl, this  is liriiited due mounted on o r  be lon  the s e n s o r y  ring could a l s o  be mounted in a r e a s  

to ~ l t ~ l ( i - ~ , i - v l v \ r  :11r<1 c l \~ : t i i i i c~  cl~,: ir :~nc.c c,onsicl<,rntions lor o ther  experi-  such  a s  the suppor t  t r u s s  a r e a ,  but m a y  requi re  deplosment. 
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Sun Angle Variation 
The angle between the orbit plane and the earth-sun line may be a s  large a s  30 degrees. This factor must be considered in the 

design of experiments with special solar or space viewing requirements. 

Bay Geometry e n d  Module Size 
The geometry and numbering of the  bays of the NIMBUS sensory ring and the  standard module s ize  and nomenclature a r e  shown 

below. These s izes  must be adhered to for ring-mounted equipment and should be adhered to wherever possible for  crossbeam 

mounted equipment. 

SOLAR ARRAY 
GRAVITY 

GRADIENT BOOM 
/ ANTENNA 

I. ACS THERMAL COVER AND 
THERMAL SHUTTER NOT SHOWN h y A w  (LOCAL V E R n c A L I  

2. EXPERIMENTS NOT SHOWN $ 
z 

NIMBUS CONFIGURATION 

DIRECTION O F  FLIGHT 1 r BAYS WlTH LOWEST 

BAYS W l T H  H I G H E S T  
HEAT DISSIPATION 
CAPABILITY 
(16-17 WATTS) 

I - x  

SENSORY R I N G  CONFIGURATION 

STANDARD NIMBUS MODULE S lZE 

A N D  NOMENCLATURE 

(4/4 i s  called 4 over 4, etc) 

4/4 (full bay) 

3/3 6 x 6 x 13 inches 

2/2 6 x 4 x 13 inches 

l/lt  6 x 2 x 13 inches 

4/0 (or 0/4) 6 x 8 x 6.5 inches 

3/0 (or 0/3) 6 x 6 x 6.5 inches 

2/0 (or 0/2) 6 x 4 x 6 . 5  inches 

6 x 2 x 6.5 inches 

*Use of 1/1 Ivlodule Size to be avoided 
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ADVANCED %NFORMA"TBON 

ADVANCED INFORh'lATION i s  required from experimenters  Ih! ADDITION TO final design and test documentation. 

This information (outlined below) is i q u i r e d  early i.z the program ( s e e  ~ p o s i t e  page) to  allow for orderly System 

definition, design, manufacture and test .  

STRUCTURAL/MEC HANICAL e Spacecraft Scnsory Hing Configuration 
e Si;.e, Shape, \ \eight  and Center of Gravity Equipn>wlt Iacat ion anti hlounting 
e Field-of-Vie\\ (1,;:lrth :rnd Space) 

c Spacecraft  and Adapter R~ech:lnical/ 
e hIcch:~nic:il I 'F I )a t :~  (Dr:rrr ings)  

Structural  Ilcsign and .ln:~lysis 
e Targe t  I lcquircmcnts 0 Spacecraft Asscml~ly  Design 
e Special Instal l :~t io~i  /I.ocation Ilequirenlents 

e S1,eci:11 'I'hern1:rl Ilequirements 
e . l l ipi~nclnt  .Ac,c.chsil)ility I<cqui ren~ents  e Speci:~l Lociition I lequirements 
o I'urging I{c~uirc~r, ients  

MODE OF OPERATIOK 
* Duty Cycle 
* Theory of Operation 

POWER REQUIREMENTS I * Pea* 

0 Orbital Sequence of Operations 
@ Spacecraft Per formance  
0 T e s t  Sequencing 

0 Power Profi le  
Thermal  Design and Analysis 

Average Orbital  e Power Rlanagement Design 
* Standby * Electrical Distribution 

High Voltage Requests (> 250 Volts) 

I TELEMETRY REQUIREMENTS 
* Number of Monitors 

e Telemetry Directory 
Telemetry System Design 

Range of Measurement Integration and Tes t  Prccedures  
* Required Accuracy/Sample Rate 0 Operational Procedures  
* Analog o r  Digital 
* 7 / M  Calibrat icns 

COhIhlAND REQUIREMENTS * Command Directory 
0 Number of Commands/Type * Command Distribution Design 
* Time of Occurrence/Sequences Command Allocations 
@ Stored Commands (Integration and Test/Operations) 

SENSOR OUTPUT DATA Data Evaluation 
Analog o r  Digital 0 Software Requirements 
Bit Rates 0 Software Design and Development 

* Bandwidth o r  Frequency Response (Integration and Test/Operations) 
* Voltage Levels/Source Impedances @ Onboard and Ground Station 
0 Signal Flow Diagrams Data Storage and Handling 
* Black Box Transfer  Functions * Integration and Test/Operational 

Signal Characteris t ics  Procedures  

ELECTRICAL/ELECTRONIC S/C Elec t r ica l  System Designs 
a Electrical I/F Data (Schematics) r Harness Design 
* Clock Signal Requirements e \\ ' ire 'Connector Selection 

(Frequencies)  o Shielding and Grounding Requirements 
* Interconnect Requirements (Listing) e Clock Frequency Allocation and 

Schematics and Special Wiring Rqmts Distribution 
a Signal Characteris t ics  & Impedances e Connector Type,  Location, and 
* All Electr ical  Transient  Characteris t ics  Orientation 

GENERAL TEST DJFORMATION Tes t  Facilities Readiness 
Bench Acceptance Tes t  Procedure  * Bench Acceptance/Integration 
Acceptance Tes t  Facility Requirements Equipment Design and Setup 
Calibration Curves e System Tes t  Requirements 
Operating & Handling Instructions and Procedures  

@ Equipment and Facil i t ies  for 
Experiment Support (Test  & 
Operational) 

Operational and Inbgrat ion & Tes t  
Facility Ground Station 
Readiness and Checkout 
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ADVANCED INFORMATBBN RELATED TO TYPEdCAL PROGRAM E V E N T S  

I-- STRUCTURAL / MECHANICAL /"THERMAL 
MODE OF OPERATION 

I r l  
I I 

POWER REQUIREMENTS 

TELEMETRY REQUIREMENTS 

SENSOR 0U"VPbl"hATA 

ELECTRICAL / ELECTRONIC 
GENERAL E S T  INFORMAT10N 

GROUND STAVION REQUIREMENTS 

I THERMAL / MECHANICAL 

DIES 

/ANAL%!S S DESIGN 
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ADVANCED INFORMATION (Cont 'd) 

D a b  provided by experimenters  .?bout the i r  subsystem i s  used by many persannel in a myriad of ways in the integration 

nf the experiment into the NIMBUS Spacecraft. These  tasks  a r e  performed to verify compatibility of each experinlent 

with the spacecraft and other  experiments, which i s  a prerequisi te  for  successful experiment operation. Since 

experimenter information i s  the major input to  the integration process,  this  data must  be a s  cur ren t  and a s  accurate a s  

possible. 

NASA PROJECT MANAGEMENT 

YAS4 project management and technical personnel use  experiment design data throughout the program to  perform the following tasks:  

0 NIMBUS Pro jec t  and Spacecraft Rlanagement System Design 

0 Provide Project  Technical Direction 0 Establish System, Subsystem Rr Tes t  Requirements 

Establish Design Cri ter ia  b Assess  Overall Spacecraft D e s i q  Compatibility 

0 Design Review and Approval 'Test Review and Approla1 

SPACE:CRAFT CONTRACTOR RIANAGERIENT 

Spacecraft contractor  management and technical personnel put experiment design data t o  s imi la r  use. The following 

listings more  specifically point up the technical importance of timely and accurate experiment design information: 

SI'RSTS'I FRI ENGINEEKS 

Suhsvste111 e n g ~ n e e r s  a r e  the spacecral t  contractor  technical interface with experimenters ,  experiment contractors ,  

and NASA GSFC Experiment Technical Officers. They use  experimenter inputs in performing the follotving tasks:  

0 Ex~eriment/Sl)acecrnft Design Integration 0 Generating Tvst Requirements for Integration and 
System Tes ts  

b Dciveloping Telemetry and Command Allocations 
0 Developing Software Requirements 

Sflnsory Ring/Spacecr:ift Design 
Evaluating Subsystem Performance (including the 

effects  on and effects  of other  subsystems). 

TEST AND EVALUATION PERSONNEL 

Trast 2nd evaluation personnel use experimenter  inputs to accomplish the following: 

b Implement the Spacecraft Contractor Tes t  Program with Tes t  Procedures and Equipment 

0 Ensure Spacecraft Safety (through Design and Procedures)  

0 Verify the Status of the Spacecraft 

Develop System Evaluation Plans (including): 

Evaluation Cr i te r ia  

Evaluation Procedures 

0 Direct and Support System and Subsystem Evaluation (by assur ing  the required analysis  i s  performed and 
documented throcig!: reports)  

b Develop Software Requirements ( to  support test  and evaluation) 

u Evaluation of Tes t  Results and Preparat ion of Tes t  Reports 

FLIGIIT OP ERATIOKS PERSONNEL 

Flight operations personnel utilize experimenter inputs to perform the following activities related to the in-orbit 
spacecraft: 

e Develop Soft\ipare Requirements for Inflight Evaluation * Perform System and S u b s ~ ~ s t e m  Evaluations 

c Ensure Spacecraft Safety through Opera'tional P r w e d u r e s  r Issue Flight Evaluation Reports 

@ Optimize Payload Utilization 



S e c t i o n  II 

M E C H A N I C A L  R E Q U I R E M E N T S  

Page No . 
. . . . . . . . . . . . .  Mechanical Interface 2-1 . . . . . . . . .  Structural/Installation Criteria 2-4 

Modular Interface Drawing . . . . . . . . .  2-6 . . . . . . . . . . . . . .  Thermal Control 2-8 . . . . . . . . . . . . . .  Attitude Control 2-12 . . . . . . . .  Weight. Power. and Size Control 2-14 
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MECHANICAL INTERFACE 

Full Bay Module Size 

INSIDE THERMAL 
SENSING SURFACE 

I 1; I TYPICAL SHIM 
I I I (INSTALLED BY 

SPACECRAFT 
I I I CONTRACTOR ON 

REJECTED 
OUTBOARD 

- .... - .  -.. -.. 
THE SPACECRAFT) 

- LOWER MOUNTING 
SURFACE (TYPICA 

TYPICAL FULL.BAY NUMBUS MODULE (414) 

Non-Modular Sized Componen#r 

The space available for non-modular sized components i s  very limited, consisting mainly of: 

@ EARTH-VICWING AREA 

The area  below the sensory ring i s  reserved, where possible, for sensor optics which must view the earth. 

@ CROSSBEAM AREA 

The area  inside the sensory ring torus. A major portion of this area must be used for deep (long) components 
In addition, there a r e  difficulties in rejecting heat from this area. 

Therefore, components must conform to the modular sizes to the maximum extent possible so that they can be located in one of the 

bays of the sensory ring. 
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MECHANICAL BNTLRFACE (Con@"] 

Mounting h a b r  
. \ l , '~ .~i l inl :  t a l ~ s  a r c  r e q u ~ r e d  on bav-mounted nlodules to  secure  the module to the h?hlRlJS Sensory Ring in accordance with 

the hlodular Interface Drawing (included a s  2 sheets  in this  section). 

0 ' S h  FLY AII'ST UE AT LEAST 11'4-INCH THICK 

I'SI. A 1.1, AI'AII.AI3LE TARS ( I f  fo r  a 4/4 module) to minimize load concentrations 

/\Id T\I3S AIIJST I3E ATTACHED TO THE MODULES BY AT LEAST ?U'O SCRE\\S (NO. 10-32) - 

I ~ l s c r t s  must  he tapped into thc module lace  to rece ive  thc sc rews .  An inser t  such a s  a self-locking helicoil i s  

required pr imar i ly  for  s t ruc tura l  reasons  and s o  that  s c r e w s  can h e  removed and re inser ted  many t imes.  
BoUi the i n s e r t  and the screivs must  cxtend completely through the,module face. Screws  will have to be removed 

an(l r c i n s e r t ~ u l  for the following reasons:  

I .  IKSKRTS \rill he used for attaching a handle t o  facilitate easy removal of modules during integration and test. In 
thc I n s t ,  niodules could be d ~ m a g c d  during removal  from the bay s ince  it was not possible to  attach to  the  niotlulc , 
. ~ n d  t h ~ s  the niodule had to he pried froni the bag. 

2 ' I ' . \  IiS niust be removable on full height modules to permit  insertion of the module into the bay. 

EXCEPTION TO REAlOVARLE TA13 RULE 

:I. :\I1 tabs must still be remorrable on ei ther  the upper o r  loher  surface of all full height 

11. At least hvo tapped holes into each tab utilizing inser t s  (KO. 10-32) must be provided 

0 1st' 01: CONTLNL'OUS TARS a s  an al ternate ( s e e  sketch opposite and the AIodular Interface Drawing) requi res  early 
:~l ' l~roval  by the NASA GSFC spacecraft manager. If continuous tabs a r e  used, they must be scalloped in accordance 
\ \  ith thr  drawings to allow for spacecraft harness  installation. At least four tapped holes per  1/0 module (two per 
tnl)) must be proviticd into the tabs. Tapped holes must utilize inser t s  (No. 10-32) a s  specified for individual tabs. 

Materials 

11.4 SERW1.S SPF:CWICATION 

Eul)erimentcrs shall comply with section 407 of NASA publication S-450-P9 in the preparation and submittal of l i s t s  of 
~il:itt.~.ials used. 

:\ l ~ s r  of :111 materials  used In an experiment must be submitted to the spacecraft contractor  for outgassing studies 

\ I (  ! I ) \  1 . K  l'\(~K:\(iE \I.\TERI.Al, 

.\I1 c \ ] ~ t ' t ' i ~ n ~ h n l  packages must  he co~lstructed of a lighhveight mater ia l  (such a s  magnesium o r  aluminum) that can he 
- i i ~ s ~ , t  iiit3tal, i , as t ,  machilied, or  a conibinabion thereof, i%en sheet  metal is  used,  c a r e  must  be taken to provide 
ail~.qiiatr heat ! r a ~ i s i c r  lo the spacecraft  sink (the outboard sur face  of the sensory  ring) and to pro\.idc sufficient 
strt.ii<th for p~.cloadillp. 

('O\lI'.A'S1 111 1.1'1.Y \\IT11 SPACECRAFT STIIL'CTC'RAL llATERlAL 

\ l i  i n : ~ t ~ ~ ~ ' i n l  1inishc.s must Ilc conil>atible \vith the aluminum and magnesium spacecraft  s t r u c t u r r  to inhihi\ L ! '  .,. ,!,. [ ic  :I< t , ,  11 



D ENVIRONMENTAL CONSIDERATIONS 

All material applications rriust be considered on the basis of expected environments, a s  weii a s  on siruehrrai and electrical needs. 

@ ORIENTATION MARKING 

Any required orientation of a module must be clearly marked on that module and on the mechanical interface drawing. As a 
minimum, the outboard face of the bay-mounted module must be indicated. 

Finisher 

THE FOLLOWING FINISHES must be used for the 
indicated module materials: 

@ MAGNESIUM - Dow 23 

@ ALUMINUM - Alodine 600 

STEEL - Electroless Nickel 

NOTE 
P 

No 1/1 Modules a r e  to be used. Experiment modules requiring 1/4 
of a bay should be packaged in a 2/0 (or 0/2) configuration a s  the 
location of a 1/1 module in a bay precludes the location of a battery 
(0/4 module) in that bay. NASA GSFC Spacecraft Manager approval 
i s  required for an exception to this rule. 

Note: Approval fo r  use of steel must be obtained from GSFC Spacecraft Manager. - 

THE LOWER MOUNTING SURFACE OF MODULES (underside of tabs and flanges) must have a No. 32 finish. 

INTEGRAL TABS OR FLANGES REQUIRE 
SPACECRAFT MANAGER APPROVAL R= 0 0 3  MA 
( 0 0 3 "  MAX ALLOWABLE RADIUS 
UNDER TAB) 

(NOTE) 

Unless othenvise specified, Dimensions 
a r e  in inches. Tolerances not shown a re :  

2 Decimal LO. 01  
3 Decimal 50.005 
On Angles ~ 0 . 2 0  

INDIVIDUAL TABS MUST 
BE ATTACHED TO MODULE 
FACE BY AT LEAST TWO 
SCREWS (NO 10-32) INTO 

/TAPPED INSERTS 
SEE DETAIL 

TYPICAL MOUNTING 
SLOT FOR A L L  
CONFIGURATIONS 

I I 'V4ITH APPROVAL ONLY 1 1  f f  

- - - A T  LEAST 
FOUR TAPPED 

'0° 
' I  HOLES UTILIZING 

5.91 INSERTS (NO 10-32) 
PER I/O MODULE 
MUST BE PROVIDED 
INTO THE T&BS 
(TWO PER TAB) 

MODULE I N T E R F A C E  CONFIGURATIONS 
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Structural Restraints 

1 % 
OPERATING RESTRAINTS - All ehperimcnts mus t  1,e capahle of operat ing in lmth a 1 G and 0 G field (any axis) .  

a JIlNIh~IUXI NATURAL FREQUENCY - ,The minimum natural frequency of al l  externally mounted i tems and their  
supporting brackets  shal l  be 100 cps  to avoid coupling with the spacecraft  s tructure.  

SENSOR AND EQIjIPhIENT INSTALLATIONS - Sensor and payload equipment installations must  have capability f o r  -~ 
stat ic  and d,vnamic loading in all directions. Adequate load paths must  be provided for s h e a r  and axial forces and bending 
and torsional moments. Yield and ultimate strengths must not be exceeded. 

' KONREDUKDANT AIOUNTING - Mounttng arrangements must be nonredundant (statically determinant) to avoid over-  
s t ress ing  o r  distorting s e n s o r s  during installation. 

* SENSOR ALIGNMEKT - For s e n s o r s  requiring alignment, the mounting arrangement must  provide means of adjustment 
without compromising the s h e a r  car ry ing  capability of the mounting. The final mounting point must  be capable of 
sustaining 1oadir.g in any direction of 3 0 G  without shifting position. 

1'11ELOrlI)CI'G - Sci i sor~ .  r ing modules a r e  preloadcd to provide good thermal contact  ( see  sketch helow). This  pre1o:rti 
i s  provitlcd I,? Iour b a r s  (0.62 x 0.18 inches each) with a capacity of 1.14 2 7 2  lh. Each module must  be capable of 
sustaining this  preload. 

TYPICAL 
PRELOAD 

MODULE PRELOAD A R R A N G E M E N T  
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Insla(l!atiorrr Rest ra ints  (Accersibi8ity) 

0 CLEANING 1,ENSES - It must  he poss ib le  to  clean l c n s c  without remov:ll ol thc sixnsnt. rlt.  any pol-tion of the sensor .  

a PROTECTIVE CO\'E.TS - It mus t  I)? possi1,le t o  install and remove protcct ivc t:ovc,rs \\.ill> one hand 

STRONG LIGIIT - Any sensors \vhich ; ~ r c  scnsi t ivc t o  s t rong  lifiht mus t  I)c itl(wtilitul. 

Q PlmGINC OIi CIiARGING_- 1:trr sul)svsterns requir ing purging o r  c h a r h ~ n g ,  the ttiechantcal interf:lecs t ~ i u s t  I)c nch.otlale(1 

with the GSFC spacecraft ni:ili;rg(sr anil tho s l~ :~cccr ;%f t  contr:lcto~.. 

ACCESSIBiI,ITJY - Accessibi l i ty  of itcnis l.t~qui 1.ing al ignment ,  t e s t ,  and muintcn:r~rt~c is mandatory. 

ATTACIIRII;:NNr POINTS - Attachment points f o r  AGE: anti t c s t  l i s tu res  must  Ix? tic-lincd e a r l y  and h~.ought t o  the :ittc~ntioli 
of the NASA (;SF(' spacec~-a!L !ll:~:i:lger ant1 thr sl):~csccraft contrac.tor. 

a ATTACWAIEXT BOLTS - It mus t  Ile possi1)le to  \vithdra\v a t t a c h ~ n r n t  bolts \v iaou t  tlisplacing the c x ~ c r i m e n t  s e n s o r .  - -- . 

CAPTIVE h'lT1.S - If nuts a r e  used,  t h e ~  must  IW c a p t ~ v e .  
8 

0 I::i:;'l'l:S1.:1;S - Scll-1ocki:ig I'astc:ners : ~ r c  required to prc!vcnt loosening ( lur ing c:nvironnlcntal t e s t ing  and launch. 
'1I1c. u s e  ol lock-titc is :it:ccl)tal~lc (c.xccl~t l o r  types C & I.;). 

SENSOIi I X S U L A T U -  If s e n s o r s  requ i re  insulation, the experinlent cc,ntractor niay be required to supply mollnting 
at tachments .  

Installation Restraints (ABignment) 

a SENSOR ALIGNMENT - All experiment  s e n s o r s  which must  he aligned, o r  whose :ilig-nment relat ive ti! the spacecra f t  

axes  must  1)e defined, shal l  incorporate  a l ipn1cn l  surf;lces o r  indices. 

ALIGNRIENT PADS - Alignment pads  must  Ix, located on rigid e lements  of the component s t ~ u c t u r e .  

COMPONENT -- ALIGNhlFK'l' - The spacecra f t  contractor  tvill align o r  m e a s u r e  betwc.cn the component al ignment  index 
and the spacecra f t  axes  only. The relat ionship between the index sur face  and the component is the responsibi l i ty  of the 
exper imente r .  

ALIGNMENT SURFACES - Alignment su r faces  need not be continuous, but nius t tlcfine a plane para l l e l  01- pc lpend icu l :~ r  
t o  the component mounting face. Thc  recpircd geometr ic  p roper t i e s  lor  alignnient s u r f a c e s  o r  indices a r c  dependent on 
alignment tolerance:  

Q A- ALIGNMEhx - For  i tems requir ing alignment with respec t  to  a l l  t h r e e  axes ,  two m u b a l l y  pel-pendicular alignment 
su r faces ,  o r  one surface with dowel1 pins, must  be provided. F o r  alignment with respect  t o  two axes,  one aligrunent su r face  
will suffice. 

Component 
Alignment 

1.imits 

0 
+ 0 .5  
T 0 . l o  - 

BAY-MOUNTED SENSORS - 13:1y mounted s e n s o r s  mus t  have alignment capability huilt into the component, s i n c e  t h e r e  i s  
no  capability for alignment of bay mounted n~odules .  If no means of alignment a r c  provided ivithin the bay mounted s e n s o r s ,  
t h e  alignment t o l e r a n c ~ s  t o  the mounting sur faces  \\'ill h e  15 minutes  of a r c  in \,a\v and pitch. 

SENSOII h'IO1'NTISG - 1111 s e n s o r s  except hay mounted wtll be n-iounred orthogcmal Lc1 the spacecraf t  axes.  

Surface 
Finish 

125 min. 
3 2  min. 

* AXES IDENTITICATION - ~ h e  spacecra f t  axes must  be tdent~fled on each s e n s o r  whlch I S  not ha\ mounted 

Pad 
Flatness  

0.001 in. 
0. 0005 in. 

hlnx. 
Surface 
Slope 

0. 005 in/lt  
0. 0004 in/ft 

Pad  Size 
o r  Span ( l l i n . )  

1 . 0  in. 
1. 0 in. 
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THERMAL C O N T R O L  

Thermal Confro! System C h a r a c t e r i s t i c s  

THERMAL ISOLATION - The solar paddles, sensory ring, and attitude control housing sections of the spacecraft a r e  
thermally isolated from one another. 

HEAT SINK - The NIMBUS sensory ring serves a s  a heat sink for electronics modules. Rejection of heat i s  
accomplished by conducting heat through the bay-mounted modules to the thermal radiating surface at  the sensory 
ring periphery. 

PRIMARY PATH - The primary path of heat rejection for crossbeam-mounted modules i s  via conduction to the sensory 
ring where the excess heat i s  radiated to space via the combined active and passive thermal control system. 

SECONDARY PATH - A secondary path for crossbeam-mounted components has been used on past NIMBUS Spacecraft 
via use of a radiation plate, but this is  contingent upon the location of few components below the crossbeam to minimize 
interference with the radiation of heat. 

ACTIVE and PASSIVE THERMAL CONTROL - The sensory ring thermal control system utilizes both active and passive 
thermal control to  maintain an environment in which the spacecraft subsystems and experiments can perform effectively 
and reliably with a minimum of degradation. A thermal balance 
i s  attained via conduction to the radiating web, conduction to the 
structure, and radiation to insulation (see  sketch opposite). 

0 ACTIVE CONTROL - Active control, when required, 
is  provided by louvers on the appropriate bays of the 
sensory ring. The louvers a r e  controlled by freon-fillf 
bello\\.s located between sensory ring bays (see 
Thermal Shutter Assembly sketch beloa'). The rela- 
tive location of shutters, active controllers, and the 
bay-n~ounted module a r e  also sho\vn in the sketch. 
The active system has a fail-safe feature to re- 
turn the louvers to :I predetermined position in 
the event of failure of the bellol\.s. 

I RADIATION TO 
INSC'LATION 

* PASSIVE CONTROL - Passive control consists of 
STRUCTURE 

multiple layers of aluminized mylar insulation 
which line the panel covers to minimize the effects 
of solar heating and other variable environmental 
factors, SO that more precise control can be pro- THERMAL BALANCE SCHEMATIC  

vided by the active system. 

TYPICAL S W U T ' T E R  ASSEMBLY 
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General 

EXPERIMENT THEKMAL COVERS and INSULATION - Under cer tain conditions i t  rnay be desirable  fo r  an experi-  

menter  to provide the thermal  insulation and insulation support s t ruc tu re .  In this event, ea r ly  approval by the GSFC 

spacecraf t  manager  and notification of spacecraf t  contractor  a r e  required,  and it i s  then the responsibility of the 

experimenter to  negotiate a nirchanical interface with the GSFC spacecraf t  manager and to  document this interface 

(such docunlentation to include mechanical interface drawings). 

RING TEMPERATURE - Tolerances in sensory ring temperature held by the thermal  control sys tem a r e  2 5 + 1 0 ~ ~ .  

RING-TO-MODULE TEMPERATURE DIFFERENTIAL - This differential i s  limited to S'C resul t ing in a tolerance 

in niorlule temperature of 2:  ( t 1 5  C,  - 1 0 ' ~ ) .  This  differentla1 i s  measured from the local s t ruc tu re  to  module 

mounting points and i s  held to this level hy  use of such techniques a s :  

e MODULE PRELOADING - The preload of 144 272 lb i s  provided by four pads (0.62 x 0.18 inches each a s  
spccif i~ul  in the section on "Structural Restraints") to keep each module in good thermal  contact with the 
out1)oarcl well. Sprhig loading of thc module to the thermal  sensing plate resu l t s  in the requirement  f o r  the 
tight t o l c r m c c  of 5.99G 5 . 0 0 4  in the n~odule  \\idth. 

e MODULE COX I I h G  - blodulc mctal mating sur faces  a r e  to be coated with silicon g rease  to improve the 
heat conduction path Ilchrcen modulcs in a bay and betwcen outboard module surface and the thermal  
sensing plate. 

@ COMPENWTIOK LOAD HEATERS - Modules controlled totally o r  in pa r t  by passive means,  and which 
possess  operational tlut\ cycles  in which the input po\rer is reduced to z e r o ,  may require  the heat  gener-  
ated bj. a conlpensation load heatcr  to mai,ltain i t s  tenlpcrature a t  a minimum of +15'C. 

MODULAR - The maximum thermal  dissipation permit ted within a module of a given s ize  is glven below. Special 

approval by the NASA GSFC spacecraf t  manager  is required fo r  exception to  th i s  rule ,  s ince exception will r e s u l t  in 
significant r es t ra in t s  upon where modules can be  located in the r ing and may require  the removal  of insulation. 

hlodule Size Power (Watts) 

*Use of 1/1 Modules To Be Avoided 

NON-R1ODULAR - The following constraints apply to  hardware which i s  not to  be located in a bay of the sensory ring. 

. PACKAGES HELD TO RING TEMPERATURE (some temperature in  the 10°C to 35OC range) must  not dis- 
sipate m o r e  than 3 . 0  watts. GSFC spacecraf t  manager  approval i s  required f o r  exception to this rule ,  a s  
thermal  control i s  made difficult by the hvo factors  l is ted below. Experimenters  must, however, r eques t  
spacecraf t  manager  approval to dissipate m o r e  than 3 watts  if limitlng the dissipation to below 3 wat t s  
resu l t s  in an unsound design pract ice (such a s  bringing low level  s ignals  out of modules). 

THE AVAILABLE SURFACE AREA for  the rejection of heat i s  limited. 

ZB EARTH REFLECTED SOLAR ILLUMINATION reduces the efficiency of heat rejection by radiation. 

s PACKAGES NOT HELD TO RING TEMPERATURE also require  NASA GSFC spacecraf t  manager  approval, a s  

e PACKAGES HELD TO BELOW RING TEMPERATURE require  cold space viewing a r e a  a t  the 
periphery of the ring. This a r e a  i s  a t  a premium a s  i t  i s  a lso used by experiments  which require  a 
cold space view for  calibration. 

e PACKAGES HELD TO ABOVE RING TEMPERATURE represent  localized hot spots  and the i r  
existence n ~ u s l  be known for integration purposes. 
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Experiment Thermal Requirements 
It i s  imperative that the follo\r!ing practices be utilized in the design of experi- 

ments to ensure maximum efficiency of heat rejection. 

r HIGH HEAT SOURCES must be located a s  close a s  possible to the 
outboard facing surface of the module. 

AMPLE SURFACE AREA must be used so  that good thermal contact 
occurs between the base of components which a re  heat sources and 
the inside surface of the module. 

* HEAT SIM(IKG OF POWER TRANSISTORS - When heat sinking power 
transistors,  use Berlox washer and Apiezon grease combination, 
o r  an equivalent. 

NOTE - 
Do not use Berlox washer and indium foil as 
indium foil will cold-flow through cracks in 
the Berlox washer and short  circuit the 
transistor to i t s  mount. 

1 2 3 4 5 6 7 8 9 I Q  l l  12 13 14 I5 16 17 18 

C O M P A R T M E N T  

LEGEND 

- NOMINAL HEAT 
REJECTION FROM 

,---I-- OUTBOARD WEB 
ONLY. 

---- OUTSOARD WEB 
PLUS COMPARTMENT 
BOTTOM SURFACE 
AREA. DOES E T  
CONSIDER E FFECT 
OF BLOCKAGE. 

S E N S O R Y  S U B S Y S T E M  H E A T  R E J E C T I O N  C H A R A C T E R I S T I C S  
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Techniques Avaliabfs During System Inllegratiorr 
The following techniques a r e  utilized by the spacecraft contractor during integraiion to ensure adewate r e j e c t i n  of heat by the 

module. These techniques a r e  only useful if experiment module thermal design i s  adequate, and i t  i s  possible to  use  only a few 

of these techniques in any &en situation. 

e MODULE LOCATION - Modules will be located in accordance 
with the heat rejection capabilities of the individual bays. 

INSULATION REMOVAL - Local removal of insulation under 
a given bay can be used to increase the heat rejection capa- 
bility of the bay by up 4 watts. This procedure can not be 
relied upon to solve serious thermal problems, since it may 
be necessary to perform this procedure initially. 

0 CROSSBEAM-MOUNTED COMPONENTS - Low heat dissipa- 
tion components a r e  selected to the extent possible for mount- 
ing in the crossbeam area.  

e LOCATION O F  MODULES WITHIN A BAY - In hays where 
several  modules a r e  to  be located, these modules will be 
arranged in order of heat dissipation ra tes  with the modules 
with the highest heat dissipation rate located closest  to the 
outer periphery of the sensory ring. . HEAT REJECTION MARGIN WITHIN A BAY - To the extent 
possible, only 70 to 80% of the heat rejection capacity of a 
bay will be utilized to  provide margin for  subsystem 
degradation and changes in duty cycle. The heat rejection 
capability of the different bays i s  shown in the sketch on 
the opposite page. 

b OUT-OF-PHASE - Components will be located in the cross-  . CROSSBEAM RADIATOR PLATE - Crossbeam mounted 
beam and sensory ring so that the duty cycles fo r  components components may be heat sinked to a radiator plate to  in- 
within an individual bay a r e  out-of-phase to  the extent crease  the heat rejection capability of the crossbeam area.  
~ o s s i b l e .  

THERMAL COMPENSATION LOADS - Electrical  heaters 
e I F  NOT IN PREFERRED LOCATION - When hlgh heat dissi- a r e  mounted on modules, structure, and the crossbeam 

pating modules with limited periods of operation cannot be ac- radiation plate to  the e&nt required. They a r e  turned - - 
commodated in the preferred location, they will be mounted on a s  required t o  compensate for components which a r e  
in bays facing away from the sun during the periods of off in maintaining the temperature tolerances of the 
operation. spacecraft. 

D4D and PVlOO coatings a r e  utilized where required to aid in thermal control by controlling the absorptive and emissive 
properties of surfaces. 

a. PVlOO (High E. and Low w )  

PVlOO i s  painted on part  of the structure and components to radiate heat. Examples of the use of PVlOO are:  

1. A circular a r ea  of outboard surfaces of outboard modules i s  coated with PVlOO for radiation through the 
shutters. 

2.  Where local removal of insulation i s  used, PVlOO i s  put on the bottom surfaces of b ottom loaded modules to 
increase the heat rejection capability of a bay. 

3. The crossbeam radiator plate is  coated with PV100. 

b. D4D (Low w and c)  

D4D i s  used to  desensitize a component to i ts  environment by attaining low absorptive and radiative properties 
for the component surface. 
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AT"B19gUDE C O N T R O L  SYSTEM 

The Attitude Control System employs three-axis active control to rnaintdtln /he spacecraft orientation with respact to the 

local vertical and the orbit plane. It also provides independent single-axis control of each solar paddle for sun tracldng. 

Description 

0 LOCATION - The Attitude Control System i s  located in the upper housing to which the oriented solar ar ray  drive shafts a r e  
attached. It i s  structurally tied to the sensory ring by a t russ  consisting of six members knee-mounted in sockets which a r e  
laterally adjustable for alignment purposes. 

0 TORQUERS - Reaction wheels a r e  used for fine control and residual momentum storage, and mass  expulsion provides net 
momentum control and large control torques when required. 

@ SENSORS - Attitude e r r o r  sensing i s  provided by conical scan earth sensors,  sun sensors,  and rate gyros. 

Alternate Modes 
The Attitude Control System also contains an extensible rod with tip mass  to utilize gravity gradient torques in kvo modes which do not 

require pneumatics: 

0 Active control augmented by gravity gradient torquing 

@ Active control augmented by gravity gradient torquing and a pitch momentum bias 

Attitude Control Restraints 
The following rules must be adhered to to ensure that the capabilities of the Attitude Control System a re  not exceeded: 

@ When subsystems have rotating parts,  the spin axis of the rotating part  must be aligned to the spacecraft pitch axis to the 
maximum extent practical. 

0 The GSFC spacecraft manager must approve the use of rotating members with a residual angular momentum greater than 
0.005 ft-lb-sec. The orientation of this momentum with respect to the spacecraft axes must be specified, 

@ The GSFC spacecraft manager must approve the use of translating parts,  o r  rotating parts whose center of mass i s  not : ~ t  
the center of rotation and which have a mass displacement of greater than 4.36 lb-inch during separation and 10. 0 lb-inch 
follo\ving acquisition 

Position Accuracy 
Pointing accuracy with respect to the reference orientation i s  within 1 degree for each of thc three body axes. 

Spacecraft Rates 
Spacecraft rates are specified to be less than 0.05 degree/sec about roll and yaw after initial acquisition of the attitude reference. 

The angular rate about pitch will be 0.055 f 0.05 degree/sec (0.055 degree/sec is  the orbital rate). 
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WEIGHT, BOWER and 5826 CONTROL 

IT IS IMPERATIVE that contro! of experiment WEIGHT, POWER, and S I Z E  be incorporated into the deslgn 

of experiments. Once particular locations on the spacecraft have been selected for exwriment  hardware. 

a change in any of tnese parameters would seriousiy degrade the experiment environment and/or increase 

the difficulty of spacecraft integration. 

Control of Experiment Weigh* 

Control of experiment weight i s  needed so that: 

@ THE STRUCTURAL CAPABIU'I'Y of the hardware required to support the experiment and of the 
spacecraft structure i s  not exceeded. 

@ THE SPACECRAFT MASS PROPERTIES can be known and held to acceptable values. 

Control of experiment power is required so that: 

* THERMAL CONTROI, can be maintained. An increase in experiment power could cause the heat 
rejection capability of a bay to be exceeded o r  result in a sensor package operating too hot since 
the heat rejection capability below the ring i s  limited. 

* POWER SYSTEM CAPABILITIES a r e  not exceeded and operational power profiles can be generated 
and maintained. 

Control of Experiment Hardware Slro 

Control of experiment hardware size musl be maintained so that: 

THERMAL CONTROI, to the specified tolerances can be achieved. The radiating a rea  to heat 
dissipated ratio i s  a parameter which determines the experiment operating temperature. There- 
fore, all dimensions of an experiment package must be controlled. 

a MODULAR PACKAGES can be integrated into the sensory ring. A change in a modular package 
size could result in the change of several  bay assignments, a degradation in spacecraft mass  
properties o r  thermal control, o r  in the sensory ring capacity being exceeded. 

* SENSOR PACKAGES can be located below the sensory ring. Since selecting a sensor package 
location is a complicated function of the size,  heat dissipation, field-of-view, and various other 
factors, a change in size could require a sensory ring redesign. 

Program ImpesC" 

The primary purposes of these controls a r e  obvious but important enough to state: 

@ ACCUR4CY OF INITNL E S  TES -.Careful, realistic estimates can result  in signi(icaslt 
program savings and rnhimize spacecraft changes. 

@ PROMPT IIEPORTLNG O F  CHANGES - The ear l ie r  a change i s  reported in the Eyetem design 
cycle - the lesser  the effect. 

TIMELY REPORTING - Coi~s~s t en t  compliance with nronthly reporting requirements will allow 
the current spacecraft descgn status to be maintained. 

EARLY AVAIUBILITY 01: DESIGN MFORMATION - Spacecraft design "freeze" is dependent 
on methodical and timely progress From ESTIMATED-TO-COMPUTED-TGACTUAL values. 
The lack of data on one experiment could impact the entire Frogram. 
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ASSIGNMENTS - WEIGHT, POWER, and SIZE ase ipmen t s  will be mutwlIy agreed upw by the GSFC spacecraM manager and UIILs 

experimmter.  Assi@ments will be made on a paclclge by package trsasis, rather than a single value being assigned to an 

experiment and the breakdown left uaspecified. 

e ASSIGNMENT COORDINATION - Assignments must be coordinated with the spacecraft contractor who records,  audits, and 

repor ts  the weight, power, and size assignments for the entire spacecraft. 

MONTHLY REPORTS shall be submitted t o  the GSFC spacecraft manager. The monthly reports must state the original weight, 

power, and size and the values of these parameters for the current and previous months. The precentage of weight, power, and 

size which i s  ESTIMATED, COMPUTED, and ACTUAL must be given for each reported value. 

0 CONTROL MEASURES - The experimenter shall perform the following weight, power, and s ize  control measures during experi- 

ment design: 

e PREPARE A PARTS LIST for each experiment package (parts l ists  a r e  a requirement for design development). Assign 
a weight, power consumption/dissipation, and size for each line item indicating by E, C, or A whether the value i s  
ESTIMATED, COMPUTED, o r  ACTUAL. 

0 EVALUATE THE DESIRABILITY of incorporating the alternatives indicated by analysis. (Mechanical and electrical  
requirements for functional adequacy and reliability, and for surviving environmental tests,  must not be compromised.) 

0 INCORPORATE WEIGHT, POWER, AND SIZE SAVING ACTION. Keep the weight, power, and size listing up to date a s  
work progresses on completing the design. Convert reported values to actual values a s  soon a s  possible. 

0 INCLUDE STATUS IN MONTHLY TECHNICAL REPORTS - Include changes since last  report. Justify any increases or 
contemplated design changes which could affect weight, power, and size. Identify the precentage of these parameters 
which i s  estimated, computed, o r  actual. 

o DESIGN REVIEWS - The GSFC spacecraft manager will conduct design reviews t o  assure  that the design, development, and fab- 

rication program will effectively accomplish control of experiment weight, size, and power. 

ANY INCREASE in the weight, power, o r  size assignment over the original negotiated value. Documented justification 
for the increase must accompany any requests for increased assignments. 

0 ANY MODULAR PACKAGE which exceeds the following average power dissipation when dissipation i s  averaged over any 
15 minute period: 

*1/1 Modular Size To Be Avoided 

e ANY NON-MODULAR PACKAGE (sensor) in which average power dissipation exceeds 3 watts or which i s  to be held to 
some temperature other than a temperature in the L O  to 40°C range. The experimenter must coneult the GSFC 
spacecraft manager immediately in cases where limiting the dissipation to below 3 watts results  in an unsound design 
practice (such a s  bringing luw level signals out of modules). 

sJ MASS PROPERTIES must be rqor-ted in the montI~fy weight, power, and size reports and in the interiface agreement. 

o COMPONENT CENTER OF GRAVITY - The location of the center of gravity of all packages must be defined within 
+ 0 . 1  inch. - 

o COMPONENT MOMENTS OF INERTLA - Not required. 
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ELECTRICAL INTERFACE a n d  C O N N E C T O R S  

Vpicatl NBMBUS Module 
A permissible connector arrangement for a NIMBUS module i s  illuslrated below. Note that 

connectors a r e  mounted only on the mounting tab faces of the module. Whether the module 

i s  bay-mounted o r  not, separa te  connectors must  be provided for: 

Power 

All low frequency (50 kHz o r  less )  clock signals 

Each high frequency (100 kHz o r  greater)  clock signal 

Commands 

VIP analog telemetry 

VIP digital "B" telemetry 

Each VIP digital "A" telemetry pulse line 

VIP timing 

HDRSS output 

Each high voltage (above 250 volts) 

PCWEW 0 COMMANDS ca CLOCK 
(HIGH FREQ) I 
CLOCK 
(LOW Fff EQ ) 

MODULE COlUNECTOR ARRANGE ME NT 
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ELECTRICAL I N E R P A C E  and C O N N E C T O R S  (Con@"] 

The following rules must be followed in the selection of connectors: 

r UNPRESSURIZED MODULES 

Connectors, niulticontact, on a l l  unpressurized modules except those for  high voltages, high f r e q u e n c ~ e s ,  and 
analog and digital B telemetry must be e i ther  of the following: 

MIL-C-38999 - Bendbx JTN type 
MIL-C-24308 - Cannon D subminiature type; c r i m p  o r  solder  contact type 

Although the rectangular shel l  type MIL-C-24308 connectors may have to-be used for 1/0 modules s o  that enough 
connectors can be mounted on the long and narrow module surface,  the use of the MIL-C-38999 connector i s  
p re fe r red  for  a l l  module s izes .  

The MIL-C-38999 connectors a r e  of the c r i m p  contact type, and connector shel ls  shal l  be noncadmium plate. 

The MIL-C-24308 connectors a r e  of the solder o r  c r i m p  contact type. Connectors shall be in accordance with 
Class  N of MIL-C-24308, except the connector shel ls  shal l  be gold plated in accordance with MIL-G-45204, 
Type II, Class  2, over copper plate, 0.000050 inches thick, per MIL-C-14550. Solder type contacts shal l  be 
plated 0.000050 inches gold per MIL-G-45204, over 0.000200 inches si lver  per  QQ-S-365 over copper plate 
0.000030 inches per MIL-C-14550. Reference MIL-C-24308/5, /6, /7, and /8. 

NOTES 

1. The solder contact and c r i m p  contact MIL-C-24308 connectors 
a r e  interchangeable and intermateable. 

2 .  Recommended crimping tools 

ool No. 612596 (with 613533 locator) 

o HIGH VOLTAGES - hIulticontact connectors must  not be used for voltages in excess of 250 volts a c  peak- 
to peak o r  300 volts dc. (Use of voltages in excess  of 250 volts requi res  approval by the GSFC space- 
craft  manager.)  

o HIGH VOLTAGE CONNECTO@ - Use separate high voltage rated connectors for voltages in excess of 
300 volts. The connector selected must  be approved by the GSFC spacecraft  manager. 

o HIGH CLOCK FREQUENCY CONNECTORS - These connectors (100 kHz o r  grea te r )  must  be twin-axial 
type. Individual connectors must  be used for  each high clock frequency. The connector used must  be 
approved by the GSFC spacecraft  manager. 

r ANALOG OR DIGITAL B TELEMETRY - Special connectors containing filter type contacts of the 
RIIL-C-26482 type such a s  Bendix s e r i e s  FJT must  be used. They must  provide an attenuation of at  
least  50 db from 100 to 10,000 MHz a t  temperatures from -55 to + 1 2 5 ' ~ .  

o PIN SIZE - Use of connectors with pins a s  smal l  a s  No. 22 (available in the MIL-C-38999 s e r i e s )  is  
permissible for applications other  than power (high voltages require special connectors). But the No. 22 
pins must  be able to accommodate a No. 20 wire,  which may be required to reduce losses  in the space- 
craft  harness .  No. 20 pins o r  l a rger  a r e  required for power, depending on the subsystem current .  

r PRESSURIZED MODULES 

Pressur ized  modules must  he fabricated using hermetically sealed connector receptacles a s  follows: 

r STANDARD CONNECTORS - 120r s-andard connectors (no-high density), use connector types mateable a l t h  
specification MIL-C-26482, such a s  the Deutsch DTK-H o r  Bendix P T W  ser ies .  

r HIGH DENSITY CONFIGURATIONS - For high density configurations, use connectors meeting Class Y of 
specification MIL-C-38999, such a s  the Bendix JTNIi se r ies .  

e COAXIAL CONNECTORS - Coaxial connectors shall be the TNC and miniature types in accordance with 
hIIL-C-39012. 
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Use and  kocatiorc8 ~ a f  Connectors  

The use and location of connectors must be in accordance with the following: 

ALLOW SPACE between connectors (at  least  1/2-inch) for fingers, clips, etc. 

CONGESTED AREAS 

* USE DIFFERENT SIZE CONNECTORS in congested areas  wherever possible. 

O ALTERNATE KEYING ARRANGEMENTS must be used if two o r  more circular connectors of the same s ize  must be 
used in a congested area.  

INVERT ONE of the connectors if two o r  more MIL-C-24308 connectors of the same s ize  must he used in a congested 
area. 

0 HIGH DENSITY CONNECTORS a r e  available in the MIL-C-38999 ser ies .  

FULL DEPTH MODULES - Each module of size 1/1 (to be avoided) 2/2, 3/3, and 4/4 should have all  its connectors mounted 
on only one of the module connector mounting surfaces. In sensory ring integration, the module will be oriented s o  that the 
connector surface i s  on top to ease harnessing problems. 

I F  LARGE CONNECTORS ARE USED, locate them in the middle of the module face. 

POWER CONNECTORS 

AT LEAST TWO CONNECTOR PINS must be wired for each spacecraft power input and power return. 

FOR NO. 20 CONNECTOR PINS AND WIRES, additional pins must be used if the current exceeds 3 . 0  amps. 

FOR NO. 16 CONNECTOR PINS AND WIRES, additional pins must be used if the current exceeds 5 .5  amps. 

MALE CONNECTORS must he used for input signals o r  input power, and female connectors for output data o r  output power. 

SPARE PINS - A minimum of 10 percent spare pins per connector shall be provided at  the beginning of the program. Thepe 
spare  pins must be located on the outer periphery of the connector. 

SHIELDED WIRES bmught to a connector shall have the shield connection on a contact adjacent to the signal contact. 

TWISTED PAIR - Wires t o  be twisted must be on adjacent pins. 

LOW LEVEL SIGNALS - (full-scale level of less  than one volt) muat not be brought out to connectors (amplify first  to a t  least 
one volt amplitude). 

GROUND PINS - Each connector (except coax) shall have two signal ground and one chassis ground pin assignment. These 
pins a r e  required for  proper grounding of shields and for providing a signal reference on each connector. 

0 BOTH SIGNAL GROUND PINS must be wired to the signal ground point in the experiment circuitry. Two pins a r e  r e -  
quired so that parallel wires can be run in the spacecraft harness to reduce the harness impedance and for  redundancy. 

0 THE CHASSIS GROUND PIN must be wired to the module chassis for use by the spacecraft contractor in the grounding 
of spacecraft harness shields. The impedance from the connector pin to the chassis must be less  than 5 milliohms. 

HIGHER VOLTAGE CONTACTS shall be located farthest from the ground contacts on the same connector. 

KEEP SEPARATE - Connectors which interface with other spacecraft subsystems must be located separately on the module 
face from intraexperiment o r  intrasubsystem wiring. 

ALL TEST POINTS must be buffered to prevent damage due to external short  circuits. 

EXPOSED TERMINAL COATING - All exposed terminals on prototype and flight models must be conformal coated 
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c The ~ ~ a ~ i a b l e  cic p o n e r  1s ~ e g u i a t e d  - '4. !I 0 ,  5 V;L and unregulated -26. 5 t.0 -37. 5 ~ d c .  Exper iments  should uae  the 
regula ted  hus for  r e q u l r e d  power.  I-lo\ie\~er, unregulated power m a y  he uh l ized  upon approva l  of the  GSFC s p a c e c r a f t  
m a n a g e r  ( m o t o r s ,  solenoids,  e tc .  should u s e  unregulated povler). 

r DC-DC Converters  must  be used to isolate the signal ground from the power return.  

0 All power l ines and power re turns  n.ust be wired to a connector separate from other electr ical  signals. 

P o w e r  D is t r ibu t ion  Rest ra in ts  

Pawer  distribution res t ra in t s  a r e  explained below and illustrated in the sketch at  the bottom of the page. The pin geometry of a 15- 

pin Cannon D connector i s  assumed in the illustration, but the res t ra in t s  remain applicable if the Bendix J T  connectors a r e  used.  

ADJACENT PINS - Power and power re turns  must be wired to upper and lotc'er adjacent pins on the connector in al l  c a s e s  
(P ins  1 and 9, 3 and 11, and 4 and 12 a r e  adjacent on a 1 5  pin connector). 

0 WIRE AT LEAST TWO PnLS for input power (pins 3 and 4) and for the power return (pins 11 and 12). Curren ts  g r e a t e r  than 
3 amps  will requi re  additiunal pins. 

I OR TELEMETRY MONITORS switched on and off, wire power and power re turns  t o  plns separa te  f rom the main polver 
~ n p u t s  (pins 1 and 9 ,  ra ther  than 3,  4 ,  1 1  and 12). 

PLACE SPARE PINS adjacent to  pins where additional bussing i s  expected o r  desired (pins 2 and 10). 

TLXN CN TRANSIENT - Place  a f i l ter  capacitor  ahead of the switch to eliminate turn-on transients  (capacitor C2). 

* TURN O F F  TRANSIENT - If chokes a r e  used on the input lines, utilize a quenching diode to  eliminate turn-off t rans ien ts  
(diode D). . 

* WIRE SIGNAL GROUND to  pins separa te  from the return on the power and VIP connectors (pin 13). 

- 2 4  5 VDC 
POWER 1 

I 
- 2 4  5 
ii DC 
POWER 
RETURN 

T/M TO V I P  
f---, 

NOTE- POWER5 RETURNS ON UPPER 8 LOWER 

ADJACENT PINS 

S/C U N I P O I N T  GRD 

P O W E R  l I i Z 9 T R i B U T i O N  R E S T R A I N T S  
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@ STEP LOADS - The experirnenl must be so  designed that a step load of greater than 2 amperes with a r i s e  time of Iess  than 
10 microseconds does not occur. If step loads of greater than 2 amperes cannot be avoided, the r i s e  time of the step load 
must '& increased to be in excess of the 'ninii~iuiii vaiues of the graph s h o w  below. This rule i s  rnhidatoiy a s  ii.on-complianee 
will result in loss of regulation of the regulated bus. 

@ TRANSIENT DUnMG REGULATOR MALFUNCTION - The experiment must be capable of surviving a regulator malfunction 
(regulated bus drops to  -18 volts o r  r i s e s  to  -39 volts for 40 milliseconds during the t ime the redundant regulator i s  
switched). 

e POWER. LDIE NOISE - The experiment must operate within specifications with noise on the power line of a s  much a s  0.25 
volts peal<-to-peak a t  ably and all frequencies. 

e FEEDBACK R P P L E  OR NOISE - The peak-to-peak value of ripple o r  noise voltage fed back on the regulated bus  i s  not to 
exceed 25 millivolts. The peak-to-peal< value of ripple o r  noise current fed back on. the regulated bus must not exceed 
10% of the stedy-skate current. Adheranee to both of these specifications is mandatory. 

6, S m V N A L  OF VOLTAGE VARIATION - The experiment must be capable of surviving voltage levels of between -20 and -34,5 
vdc continuously at  3 5 U ~  with no resultant degradation in experimmt life. 

e OUTFWT IMPEDANCE W3RSUS FREQUENCY - A plot of the output impedance of the power supply versus frequency 6s 
shown below a s  an aid in designing filters and simulating the spacecraft power supply during tests.  

~ 1 ~ i h ' U h l  AlLWIABLE RISE TIME JMILLISKONDS) FREQUENCY (HERTZ) 

RISE T I M E  VS. PEAK CURRENT POWER SUPPLY OUTPUT IMPEDANCE A 5  

A FUNCTION OF FREQUENCY 

Experiment Fus ing  
Experimmts shall not supply fusing. 811 fusing (and subsystem current monitoring) will, be accornplishd in the spacecraft electrical 

svadern, Fusing will be performed in accordance with &he following: 
@ FUSE SIZE will be three times the steady-state current o r  greater.  

b MmIMIZE NUMBER OF -- FUSE SIZES - Only 1 amp, 5 amp, and parallel combinations of these fuses will be used. 

a SHORT CiEtCUg - Ei i l~ps  a r e  mainly used for  short circuit protection. 

* CXrTlCAE FU%aCT= (attitude control system, command clock, e t c . )  will not be fused, a s  their loss would terminate 
the mission, 
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THE CLOCK PROVIDES an accurate time reference in wconds, mhutes ,  hours, and days, and provides stable frequencies for use 

by  experlrnenb and subsystems (see sketch below) 

ACCURATE TIME REFERENCE 1s usable by the experlment In 

two ways: 

e STORED COMMANDS - The clock provides a reference 
for the command system s o  that a limited number of 
commands can be executed a t  a predetermined time. 

e TIME IDENTIFICATION - Spacecraft time i s  provided 
a t  100 pps to the VIP for placement in the VIP matrix, 
providing correlation of all VIP data. This time code 
also modulates 10 kHz and i s  transmitted to ground by 
the VIP beacon. It also modulates 2.5 kHz and i s  put 
on one of the HDRSS channels for correlation of all data 
stored on HDRSS and for flutter/\vow information. 
The time reference provided by the clock i s  the NASA 
36-bit t ime code (reference IRIG Document 104-59). 

FREQUENCIES PROVIDED BY THE CLOCK a r e  1 ,  10 and 500 

Hz; 2.4, 5, 10, and 50 kHz; and 0.2, 0.4, and 1 .6  MHz. In 

addition, two phase clock signals (Phase B leads Phase A by 90 

degrees)  a r e  provided at  100 and 400 Hz,  and two phase motor 

drive signals a r e  provided a t  400 Hz. All clock frequencies a r e  

coherent square waves; the coherency i s  defined in the coherency 

cha r t  +. Only these frequencies a r e  to  be used by experi- 

ments,  except where frequency conversion i s  performed within 

the experiment hardware. The maximum allocation of a 

particular frequency signal to any one experiement i s  one. If 

many clock frequencies a r e  desired for an experiment, the 

experiment must include frequency conversion logic to generate 

these signals from a single clock signal ra ther  than the experi- 

ment contractor requesting that many clock signals be allocated. 

REQUESTS FOR CLOCK FREQUFNCY ALLOCATIONS must be made 

to both the GSFC spacecraR manager and the spacecraft contractor. 

Requests must be updated as soon a s  new requirements arlse.  

CLOCK FUNCTIONS 

COHERENCY RtPERtNCt 
LEADING EDCC O i  FRAME 
SYNC ZERO BIT 

A L L  F R c O ~ f N c i t i  EYCEPI 1 ~ 0 5 1  
NOTID ' 8 S O  PO5iif- l l  41 COHEQLNCY 
POINT. THO(€ NOTED , h U L i  

lRANSII1ONS B i l l  DlREClOh ' 
lNOtit"M,.l&li 

COHERENCY CI-iART, NIMBUS CLOCK 



TRANSFORMER COUPLING Is Lo be used in the experiment for the clock signal load. NASA GSFC spacecra%t manager approval 

of al l  clock interface cricuibry i s  required.  

BUFFER AMPLIFIERS - A total of 45 buffer amplifiers a r e  

available for use with any combination of the available positive 

going clock signals, except 400 kHz, 1.6 MHz, and the motor 

drives (see sketch opposite). 10 Buffer amplifiers a r e  available 

for negative going clock signals. Only one load is to be driven 

by a buffer amplifier. Output impedance of the positive buffer 

amplifiers i s  1730 -t 200 ohms. Output impedance of the 

negative buffer amplifiers i s  1730 i 90 ohms. 

POSITIVE GOING CLOCK SIGNALS a r e  to be utilized by the 

experiments. The negative buffer amplifiers a r e  reserved 

for  subsystems which a r e  car ryovers  from previous NIMBUS 

Spacecraft, The voltage swing for the positive going clock 

signals i s  from 0.2 (+O. 10 -0.15) 5.25 f 0.75 volts for the 

no-load condition and from 9.2 (+0.10 -0.15) to 1 .3  (+0.3 -0.2) 

volts for a 600-ohm load a t  al l  frequencies except 400 kHz, 

1.6 MHz, and the 400 Hz motor drive signals. 

B U F F E R  A M P L I F I E R S  A V A I L A B L E  F O R  

U S E  W I T H  CLOCK F R E Q U E N C I E S  

400 kHz and 1 . 6  Mhz - Six amplifiers, each with an output voltage grea ter  than 1 volt P-P into a 78 ohm i 10% load, provide out- 

puts of 1 .6  MHz and 400 kHz. Use of any of these outputs requires early GSFC spacecraft manager approval (as  few outputs a r e  

available). 

FOR THE 400 Hz TWO PHASE MOTOR DRIVE SIGNALS, each phase has five outputs with a voltage swing from - 1 . 5  t 1 . 0  to -23.0 

d. 5 volts with no load applied. The source impedance of each output line i s  275 * 25 ohms. Each output can drive a capacitive- 

coupled load of 1000 ohms o r  grea ter ,  o r  a direct-coupled load of 2000 ohms o r  greater returned to  either ground o r  the -24.5 volt 

regulated supply. Phase B leads Phase A by 90 degrees. Use of the motor drive signals requires ear ly  GSFC spacecraft  manager 

approval, a s  only a few of the outputs a r e  available for experiments. 

GROUNDING - The isolation t ransformers  a r e  not to be grounded to  either the power return or chass is  ground, but ra ther  to a 

separate pin and lead i s  to  be provided for connecting to the low level signal ground a t  the spacecraft  clock. 

CLOCK NOISE - Clock input circuits  must be designed to operate within specifications with the clock input signal degraded to the 

following: - 
r A 20 db clock signal to  peak noise r a t i oa t  al l  frequencies in the dc t o  MHz range.  

CONNECTORS AND WERING 

e LOW FREQUENCIES - A single Bendix J T  or Cannon D connector must be used for ail clock Frequencies 50 kHz or less.  
The clock signal re turns  must he brought to separate pins on the connector, and a re  not (o be connected to the power 
supply return.  

HIGH FREQUENCIES - Individual Twin-Ax connectors must beused for all clock signals 200 kHz or grea ter .  
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COMMANDS 

MATRIX ARRANGEMENT OF COMMANDS - The Command Sub- 

sys tem provides a total of 512 commands for use by the spacecraft 

subsystems and experiments in the form of a 16 x 32 matrix.  Any 

30 of these commands can be stored a t  the same time for  delayed 

execution. (See matrix sketch on this page and functional diagram 

on next page. ) 

BACKUP UNENCODED COMMAND SYSTEM - This system pro- 

vides up to 12 commands for  spacecraft subsystems which a r e  

available in case of a command system failure to initiate critical 

commanded functions. These commands a r e  typically reserved 

COhlhlAND SPACECRAFT 
I I I T P h l  I R A R N E S S  I 

MA AND MU LINES - 16 MA and 32 MB 1ir.e~ provide the matrix arrangement,  as  one MA line and one MU line provide the input 

signal for each user  relay. The MA line and the MB line associated wlth a command relay must be pulsed simultaneoulsy for  the 

relay to be energized. 

for spacecraft subsystems rather than experiments, and their 

STORED COMMANDS - Stored commands a re  sent to the spacecraft via the R F  link (as  a r e  non-stored commands) and the command 

module sends out the command pulses a t  the desired time via use of the spacecraft clock a s  the time reference. Stored commands 

can also be recycled -- the same command pulses sent out repeatedly with a preset interval between pulses. The maximum time to 

first  execution of a command i s  approximately 18 hours, and the maximum recycle time i s  approximately 9 hours. Command 

timing is  in increments of one second. (Early approval by the spacecrafl  manager is  required for  the use of stored commands. ) 

COMMAND MATRIX 

COMMAND PULSE DURATION (40 * 5 milliseconds) - A command relay i s  energized by the simultaneous occurrence of a negative 

going voltage pulse on i t s  MA line and a positive going pulse on i ts  MB line. 

use requires GSFC spacecraft manager approval. 

REQUESTS FOR COMMANDS - Requests must be submitted to the spacecraft manager and spacecraft contractor and updated a s  

soon a s  new requirements a r e  determined. Requests for redundant commands must be clearly noted. The following information 

must accompany command requests: 

1. Time of occurrence of command 
2. Maximum command ra te  (approximately 2 r ea l  t ime commands can be executed each second) 
3 .  Redundant o r  non-redundant 
4. Will command ever have to be stored 



UNIT 
TO VIP 

Mandatory Load fsr Command Pulse 
The only permissible loads for spacecraft  MA & MB commands a r e  the relays listed below. The 

characterist ics of the relays required for a 12 vdc coil (up to 2 ampa and from 2-to-10 amps) also 

a r e  listed below (the 12 volt characterist ics a r e  relevant because the command pulse can be degraded 

a s  lolv a s  12 volts at the relay):  

Up to 2 PA (FL) Latching 3 .5  
Up to 2 PA (SC) tlolding 3 
U p  to 2 PB (SL) Latching 3 - - 
2-(0-10 B(BR20AX) Latching 10 

*GE = General Electric F = Filtors, Inc. PB = Potter & B m f i e l d  B = Babcock 



Voltage and Bmpedanse C h a r a c t e r i s t i c s  

The voltage and impedance charac te r i s t ics  oi the A and B Command Matrix d r i v e r s  a re :  

Command Dirfribufiorn\ ResteariraPs 

@ BACKIJP AUTOMATIC FUNCTIONS WITH STORED COMMANDS - Stored command m u s t  be used 
for  hacking up cri t ical  automatic functions ( transmitter  turnoffs, calibration sequencing, etc) 

DIOIIES - Use steering and suppression diodes a s  shown. 

NOTE 
M A  

(-24.5 Subcontractors  must  use the indicated designntions ( \ I A  lor  
-2-1 .5  VDC and \I13 for the return) on a l l  hardware.  

MB 
(RETURN) 

a INPC'f LEADS - All input leads (h1A and hlB lines) to command relays mus t  be wired to 
separatc pins. 

@ SO GIIOUXDINC - Input leads (hlA and b1B lines) must  =be grounded (both MA and h1B 
lines a r e  pulsed to actuate command relay).  

* SEPAIWTE CONNECTORS - All command input lines (MA and MB lines) must  be wired to a 
connector separate from connectors used for  other  functions. 

Do not overload the command matrix by using loads less  than 110 ohms (parallel combinations 
o f  rclav coils). Where necessary ,  use a relay dr iver  a s  shown below. (It i s  obvious that 
two re lass  can be connected in parallel Lvithout requiring use of a relay dr iver  if relays with 
hlgh coil resistances a r e  used.)  

e TPlTERNAL COMPONENT CROSS-STRAPPING 

Cmss-strapping of MA o r  M B lines within modules i s  desirable to minimize complexity in the s p a c e c m n  
harness  and to reduce the number of pin connections on the experiment. The experimenter  shel l  submit a 
request f o r  the total number of required commands. The NIMBUS program will provide a wiring diagram f o r  
cross-straping 



Section I V  

DATA H A N D L I N G  
Page No. 

Data Handling System . , . . . . , , , . . . . 4- 1 
Telemetry/Versatile Information Processor (VIP) . . . 4-2 

VIP Characteristics . . . . . . . . . . . . 4-2 
Data Format and Synchronization . . . . . . . 4-4 
Impedance Requirements and Other Restraints . . . 4-6 
VIP Digital "At1 . . . . . . . . . . . . . 4-7 

Telemetry Monitor Selection and Use . . . . . . . 4-11 
High Data Rate Storage System (HDRSS). . . . . . . 4-14 



September 1968 

D A T A  HANDLING SYSTEM 

Dereriptisre 
The data handling system consists of the following subsystems: 

c VIp 

An internally redundant Versatile Information Processor  (VIP) multiplexes low data rate 

experiment data and spacecraft and experiment telemetry. VIP data i s  transmitted in real  

time over one of the two \'WF beacon transmitters and i s  stored on one of the HDRSS tracks.  

@ HDRSS 

Two High Data Rate Storage Systems (HDRSS) a r e  provided for data storage. Experiment 

and VIP data a r e  played back and tranemittctl to ground over onc o r  both of the on-board 

S-Band transmitters whenever the spacecraft passes over a Command and Data Acquisition 

(CDA) station. 

Optional System 
If experiment data rates exceed HDRSS capabilities, additional data handling hardware may 

be provided. This may entail transmitting the data of very high data rate experiments in 

real  time only when thc spacecraft is  over a CDA station. Another possibility i s  use of 

a very high data rate recorder to provide mapping of selected areas  of the earth 's  surface, 

a s  opposed tn the continuous coverage provided by the 1IDRSS. 

VIP/HDRSS Capabilities 

@ VIP 

The VIP i s  capable of handling up to 4 khps of digital data o r  an equivalent analog signal in 

i ts  normal mode of operation. However, because the VIP must multiplex the data outputs of 

several experiments a s  well as  both experiment and spacecraft t e l eme tq ,  the data ra te  of 

any one experiment handled by the VIP i s  t,ypically much lower than 4 kbps. 

e HDRSS 

The HDRSS is capable of handling up to 4 kbps of digital data and analog data in the 0 to 

1800 Hz range. Each HDRSS includes a 5-track tape recorder. 

r TELEMETRY 

Telemetry (housekeeping or engineering data) i s  typically handled by the V I P ,  while sensor 

data (scientific o r  experiment data) may be handled by the VIP, the HDRSS, o r  the optional 

system. In addition to sensor data, the HDRSS o r  optional system data must include the time 

code and bench marks (telemetry data essential to the interpretation of sensor data). More 

specific rules a r e  covered i n  the remainiw parts of this section. 

r SYNCHRONIZATION 

All experiments scanning (or  cycling) must be s.ynchronous with the VIP major frame rate of 

once every 16 seconds o r  a multiple thereof ( 2  scans/16 seconds, 3 scan416 seconds, e tc . ) .  
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TELEMETRY /VIP SYSTEM 

VIP Charersc~erirtigr 

The Versatile Information Processor (VIP) System monitors telemetry and the data output of low data rate experiments (see 

v p  functionai diagranij. ViP data is iransiniYtd real  tkiie over the beacoii and stored by the XDRSS for playback when the 

spacecraft passes over a Command and Data Acquisition (CDA) Station. Output data ra te  of the VIP i s  4000 bps. 

Programming 
Instead of a hardwired approach, the VJP  utilizes a memory and associated logic a s  the controlling unit for  generating required 

sampling sequences. Up to four different programs of sampling format can be used for  different modes of operation o r  different 

phases of the mission, and one of these programs can be altered by ground programming. 

Telemetry Accepted 
The VIP system accepts analog, digital "B, " and digital "A1' telemetry with a variety of available sampling rates a s  long a s  the 

telemetry i s  in the required format. 

r ANALOG TELEMETIIY 

An:ilog telemetry must be such that the 0 to -6.375 vdc range corresponds to the maximuni excursion of the measured 
p:lr:ilncter. The VIP con\.erts the analog signals to :I 10- hit word, thus providing 6.25 mv resolution. External noise 
s0urcc.s linlit the accuracy to 8 bits. Critical experiments should use digital "A". Analog telemetry is typically used 
for hoth housekeeping and esperimenr data. 

r DIGITAL "1%'' TELEhIETI1Y 

"B" telemetry consists of one hit words. The "off" condition must be -0.5 t 0 . 5  vdc. The "on" condition must be 
-7 .5  2.5 vdc. Digital "1%" telemetry is typically used only for housekeeping data. 

r 1)IGITAL "A" TELEhIETIlY 

"A" telemetry consists of 10-hit ~vords, which arc read into the V I P  system serially. Use of digital "A" telemetry 
requires approval by the spacecraft manager. Digital "A" telemetry is typically used for experiment data, with 
exceptions given under "Data Format. " Digital "A" provides 10-hit accuracy at the experiment. 

Noise 
The noise on any telemetry output (analog, digital "A", or digital "B") must not exceed 5 n~illivolts peak-to-peak. 

Capacity 
The formatting unit will provide for the multiplexing and sampling of 976 distinct input signal channels from experimental and 

housekeeping sources, apportioned a s  follows: 

No. Inputs 

Analog 
Digital "A" 

Requests 
Requests for  VIP allocations must be submitted to the GSFC spacecraft manager and the spacecraft contractor and updated ae new 

requirements a r e  ascertained. The following information must be submitLed with the request: 

@ TYPE O F  TELEMETRY, (Analog, Digital " A ,  " o r  Digital "B") 
* SAMPLINGRATE 

W H E N  MONITORED (When must the telemetry be monitored, w d  when i s  it desired?) 
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Data Matr ix (Major and Mirror Framer) 
* MAJOR FRAME interval i s  that period of time in which every input to  be sequenced in a particular program has been 

sampled a t  least  one time. Major frames occur a t  a rate of one every 16 seconds. 

MWOR FRAMES a r e  composd  of 80 ten-bit data words, and occur a t  a ra te  of m e  every 0.2 attccnds. Each 
major f r ame  contains 80 minor frames. 

* DATA MATRIX - The major frame can be regarded a s  a matrix of 1 0  bit data words with minor frames forming the row8 
of the matrix. 

Ma/@ r Frame Pulses 
Major frame pulses a r e  available (upon request) to enable experimenters to synchronize their  systems to the V I P  sampling sequence. 
with the negative going edge of the pulse coincident with the s t a r t  of each major frame. Characteristics of major frame pulses are :  

Duration: 250 microseconds 

0 Amplitude: -5 5 0.8 .volts during pulse (0 2 0. 8 volts otherwise) 

@ Coherency The major frame pulse is  coherent with the Ihz clock signal a s  indicated below 

Output Impedance: 1000 ohms o r  less 

* Rise and Fall Times: Less than 1 microsecond 

ZERO TIME 
REFERENCE 
--v- 

I 

r 5 . 2 5 V x  t 5.ZvDC 
( N O  LOAD) 

CLOCK I Hz 
(PRIMRY)  

0.WVDC 

The relative timing of major frame pulses, clock signals, and VIP L t w .  -+ 
data words i s  shown in the accompanying sketch. Requests for 

specific time slots relative to the major frame pulse should be CLOCK I HI 

made a s  early a s  possible, and require approval by the GSFC 

spacecraft manager. A separate buffered output i s  provided t o  (NO LOAD (NO LOAD) 

each user of a major f rame pulse. 

VIP T/M 
(80  X 8 0 )  

VIP MAJOR 
FRAME PULSE 

( N O  LOAD) ), 
ZERO TIME 
REFERENCE 

VIP F R A M E  SEQLJENC= 



Synchronization 
* EXPERIMENT SCANNING (CYCLING) 

Experiment scanning (cycling) must be synchronous with the VIP major frame rate of one major frame every 16 seconds, or a 

multiple thereof (2 s c m s / l 6  seconds, 3 scans/l6 seconds, etc,). Tbds qp!ies For al! experiments, inc!uding those whose 

data i s  handled by the HDRSS. Major frame pulses and clock signals a r e  available to facilitate synchronization. (This use 

requires NASA GSFC spacecraft manager approval). 

0 ANY OTHER DATA CYCLING RATE requires NASA GSFC spacecraft manager approval. 

SLOWER SYNCHRONOUS RATE 

In the event that one of the above ra tes  cannot be attained, a slower synchronous rate (1 scan/32 seconds, 1 scan/48 seconds, 

etc. ) is  preferred. 

DIGITAL "A" TELEMETRY 

Digital "A" telemetry must include a t  least  one monitor per major frame to indicate the relationship between the data 

and the scanning performed if the data cycling rate is not a preferred rate (n cycles/l6 seconds where n = 1,2,3,  etc.) .  

Calibrations 
Calibrations must occur coincident with the s t a r t  of a major frame o r  some fixed lag from that time, even if calibrations occur less  

frequently than once every 16 seconds. 

Failure of Major Frame Pulses 
If a major frame pulse fails to occur, experiments must continue to put out data. A possibility is to use clock pulses in a backup 

mode. Sensor data i s  not required to be synchronous in the event of such a failure (although it i s  desirable). 

Bench Marks 
Bench marks must be included in the grouping of VIP major frame columns comprising the sensor data allocations in the case where 

sensor data i s  handled by the VIP (Digital "A" or Analog). Bench marks a r e  telemetry data which a r e  essential to the interpretation 

of sensor data (the s tar t  and end of calibration, the s tar t  and end of spatial o r  spectral scanning, etc.) .  Otherwise, all VIP data 

must be processed to interpret the sensor data, which would necessitate a considerable increase in the computational facilities over 

those presently available at  the integration and test and flight operations facilities. 

Functional Data  
All functional (telemetry) data must be included in the grouping of VIP major frame columns comprising the VIP Digital "B" and 

Analog allocations to facilitate status checks during integration and test and on-line analysis of experiment performance during 

flight operations. Bench mark data must therefore be handled by both VIP Digital "B" and VIP Digital "A" (or  Analog) o r  HDRSS, 

whichever i s  used for the sensor data. On-line analysis (at NTCC) i s  required so  that any corrective action required can be taken 

whilc the spacecraft i s  within the coverage of a CDA station. Adherence to this rule i s  necessitated by the difficulties of stripping 

selected data from the VIP data stream, the limited bandwidth of the Ulaska-NTCC data link, and the limited data processing 

facilities available at  NTCC and the spacecraft contractor site. A possible exception to this rule is  refined functional data such a s  

linearity checks which need only be included in the sensor data output (provided the Digital "B" o r  Analog telemetry data is sufficient 

to indicate experiment status without this check). Any other exception requires NASA GSFC spacecraft manager approval. 



Ancriog a n d  Digigai "B" i m p e d a n c e  Requirements 

ANALOG - Experiment o r  telemetry output impedance shell not exceed 10 K ohms. The input Impedance presented 
by the VIP to each analog signal will be 1 megohm during sampling and 10 megohme during noneampling o r  tuA-off  
time. 

DIGITAL "B" - Experiment o r  telemetry output impedance shall  be 1 megohm o r  less  in the ON condition and 50K o r  l e s s  
in the O F F  condition. 

UNDER NORMAL OPERATING CONDITIONS, the Digital "B" and Analog inputs to the VIP shall not exceed the -10 to +O. 5 vdc 
range. 

* UNDER FAULT CONDITIONS, the Digital "B" and Analog inputs to the VIP shall  not exceed the -25 to +O. 8 vdc range.  If 
opening the telemetry output res i s tor  would develop a large voltage to the multicoder input, paral lel  the output r e s i s t o r  with 
protective (Zener diode) c i rcu i t s  to keep the output below -24 volls (more  positive than -24 volts) for  a l l  conditions of failure 
modes. 

LEAKAGE CURRENT from the VIP to any analog input may be a s  high a s  1 p a  during sampling t ime and 50 n a during 
nonsampling time. The experiment must  be capable of operating without degradation under these conditions, and the 
resultant degradation of the analog telemetry signal must be negligible. 

e l ' li~1~'lI)F: . \S . ~ l ' l ' l l O l ' l i l . - \ ~ . ~ F ~ l ~ O l ' 1 ~  lJ.l'l'li #ltF:SlS'rl\'I.:~ for t,:lp:u,ttnr l c r n i 1 n 3 t ( ~ ~ l  nutpt l l s ,  

PROVIDE ISOLATION from subsystem operating circuits  in c a s e  of telemetry shorting. Document the effects of an open 
and a shor t  on each telemetry output for use by the GSFC spacecraft  manager and the spacecraft  contractor .  

I'ROLTUE LEADS for connection to external telemetry power and ground if the telemetry function can  be isolated from i t s  
own internal power bus. For  example, a thermistor  driven by a subsystem -24 volts through a dropping r e s i s t o r  to 
subsystem ground can be driven by -24 volts from a telemetry supply thmugh telemetry ground. 

* SEPARATE CONNECTORS a r e  to be provided for Analog signals ,  Digital "B" s i  gnals, and major f rame pulses,  except that 
major f rame pulses can s h a r e  a connector with A timing pulses for  Digital "A" telemetry (defined la te r  in this  sect ion).  

1 

ONE CONNECTOR PIN i s  to be used for each Analog and Digital "B" telemetry point. Return i s  through power supply ground 
unless the ground for  a part icular  t ransducer i s  isolated from power supply ground, in which c a s e  a connector pin i s  to be 
wired tn each distinct signal ground point. 

* ONLY ONE WIRE i s  provided for  each experiment utilizing major  f rame pulses, and thus only one connector pin should be 
wired for major f rame pulses. 

tion in the event of a VIP gate failure. If this  occurs ,  the voltage fed back 
low a s  -10 volts o r  as high :ha +6 volts full t ime  and may be a s  low a s  -24 
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V8P DSgifal 

1 0 - B i )  Ser ia l  Words 
\'IP D l g l t ~ l  " A "  iliput fi:ltlng en:ll~lcs thr t ransfer  of a maxinium nf 1 0  liits 0 1  digital data In :I s c r ~ n l  Iash~on 

lo the \'1P. I f  +hit accuracy is acccptahlc, analog telemetry should I I ~  used since thc. VIP Digilal "A" 

capacity i s  limited to  16 distinct input signals. 

Use 
VIP Digital "A" has  been found most  useful for monitoring the output of low data ra te  experiments and for  

monitoring the calibration mode data of some experiments.  

A/D Converters 
If an analog-to-digital converter  i s  used s o  that Digital "A" can be used in conjunction with an analog 

monitor, a cal ibrat ion mode must  he provided to check the A/D converter. Digital "A" and Digital "B" 

indications of when calibration i s  being performed must also be given. 

Timing Pulses 
Because VIP Digital "A"  data must be read into the VIP serial ly with fixed timing res t r ic t ions ,  the VIP 

system provides to the experiment the following pulses which the experiment must use  to synchronize i t s  

data with the VIP. 

These pulses have a positive peak value of 5. 0 i 0.8 volts. 

Data Pulses 
The 1 0  data (D ) pulses provided by the u s e r  must have a maximum r i s e  t ime  of 1 .0  microsecond, a 

1 
duration of 1 0  microseconds and a period of 100 microseconds. For  the data pulses: 

e The "zero" state must  be 0 + 0.8 volts 

r The "one" s ta te  must be 5 + 0 .  8 volts. 

Under Fault Conditions 
Under fault conditions, Digital "A" inputs to the VIP shall  not exceed -1.0 o r  +8.O vdc. 

Connectors 
@ B, , C, , and D- PULSES 

Leads for B1, C1, and D pulses must  be wired to separate Twin-Ax connectors. 
1 

Experiments requiring more  than one Digital "A" monitor must  provide separa te  
circuitry and connectors for. each Function monitored. 

Cannon D connectors must be used for A1 pulses, with separa te  pins for each 
function monitored. Major frame pulses may use  the same connector a s  A pulses. 

1 
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TELEMETRY $"VIP SYSTPM(Con8"d) 

VIP DigitaiD "'A " "(~ont"] 

Symchronization 
Synchronization of Digi&asl "A" data transmission mual be achieved in the manner specified 

diagrammatically (see sketch betow). 

a DIGITAL "A" DATA 

All Digital "A" data must be transferred to the VIP during the Digital "A" pulse. 

0 MOST SIGNIFICANT EiIT 

The user 's  f irst  (most significant) bit of information must reach 90% of its value a 
minimum of 90 microseconds before the leading (positive going) edge of the first  C pulse. 

1 

0 DURATION OF MSB 

The most significant bit shall remain at  i ts  level at  least until the leading edge of the 
first  C shift pulse signal occurs. 

1 

a 2nd TO 10th BITS 

The second through tenth most significant bits shall reach 90% of value less than 20 microseconds 
from the time the 10% point on the falling edge of the previous C pulse i s  reached. 

1 

e DURATION 

These bits must remain at their levels at least until the leading edge of the next C 
pulse i s  reached. 

I 

e WHEN NOT SAMPLING 

During all  times the experiment is  not being sampled (i. e . ,  when the A1 pulse i s  at  
0 +. 0. 8 volts), the user ' s  information output signal (D pulses) shall be 0 + 0.8 volts. 

1 
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data (Dl) 

I " A l  " STROBE +5 V "A" 
I I 

E CONNECTOR 

A SAT. NPN CR4  
(+6.0 TO +4  VDC) 

C O M P O N E N T  TABLE 

0 3 TRANSISTOR 2 N 2222 A 

E X P E R I M E N T  D R I V E R  CIRCUIT I Q 4 TRANSISTOR 2 N 2222 A 
FOR REDUNDANT Dl O U T P U T  Q 5 TRANSISTOR 2 N 2222 A 

CR 1 DIODE 1 N V I b  I N V l 4  

CARBON COMPOSITION 
I 

E X P E R I M E N T  I N T E R F A C E  D R I V E R  F O R  R E D U N D A N T  D I G I T A L  " A "  D  C I R C U I T  
1 

4 -9 
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TELEMETRY/VBJP SYSTEM (Cent'd) 

Buf fe r  Ampl i f ier  
The m m d a t o ~ y  lo& for  Ai, B-, a d  C .  pulses i s  the buffer amplifier whose electr ical  schematic i s  

shown in the sketch below. 

E X P E R E N T  BUFFER CIRCUIT 

VIP t U M R  CIRCUIT FOR 

4, 6, B C, W T F V T S  

E X P E R I M E N T  I N T E R F A C E  B U F F E R  FOR D I G I T A L  A D N A ,  A 1 1  . B AND C 1 O U T P U T S  

Use of Extra Digital "A " B i ~ s  
It i s  possible that Digital "A" daci may be used by experiments (perhaps to simplify the data format) even 

in the c a s e  where the sensor resolution i s  l ess  than ten bits. In this case ,  it is  permissable to use the bits 

not used for sensor data for other data, provided that the pulses uscd for additional data a r e  those which 

would normally be uscd a s  the least  significant bits of the Digital "A" data word ( a s  shown below). This  

rule is  necessitated by the characteris t ics  of the D/A converters  used in integration and tes t  and flight 

operations, which convert the eight most significant bits of the Digital "A" word into an analog t race .  

BITS AT THIS END OF THE DIGITAL "A" 

MOST DATA WORD MUST BE USED B=QR SENSOR DATA 
LEAST 

SIGNIFICANT SIGNIFICANT 
BIT BIT 

BITS AT W I S  END OF THE DIGITAL ""A" "DATA 
WORD CAN BE USED FOR AkSDlTlOlUAL DATA 
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TELEMETRY MONITOR SELECTION and USE 

The selection and use of telemetry i s  one of the most critical parts of spacecraft and experiment design, not only when the spacecraft  
is  in orbit bat also during integration and testing. 

a IN ORBIT 

After the spacecraft is  in orbit, telemetry i s  the only means available for determining the state of an experiment 

' DURING INTEGRATION AND TEST 

As indicated by the following listing, telemetry i s  the only method of determining the state of an experiment after the bench 
check phase of testing (because access to the experiment becomes more  and more  restricted). (In general, if a parameter 
is  not available through telemetry, i t  cannot be ascertained by other means.) 

Operation 

Expcrimcnt Calibration 

lntcrferencc Analysis 

Performance Stability 

I Malfunction Analysis 

Measurement Objective 

To verify normal operation 
ax! mode switching 

To perform thermal vacuum 
calibration with calibration 
targets 

To verify subsystem electrical, 
mechanical, and R F  
compatibility 

To determine long term 
subsystem functional 
repeatability 

Fault isolation and identification 

Analysis Tools Used 

Computer Programs, AGE Installations, Status afid 
Command Verification, Temperature Set, Blvsh 
Decomniutators, Mntrix Display, Data Listing, Limit 
Coniparison (limit checks all spacecraft functions), and 
Analysis Programs for each Subsystem 

Subsystem Analysis Programs, Temperature Set, Plotting 
Programs (meters, oscilloscopes, and photo processors) 

Subsystem Analysis Programs, Brush Decommutators, 
Plotting Programs, Limit Comparisons, and Data Listings 

General Averaging Programs in conjunction with Plotters, 
Subsystem Analysis Programs, History Programs, and an 
Operating Time S u m ~ i a r y  

I All Computer Programs 

Experiment Protection 

Trlenietry protects the experiment not only by facilitating the detection of anomalies within the experiment but also by determining 
if othcr cxperinients or the spacecraft degrade experiment performance. The list above shows the measurement objectives of 
telemetry and the analysis tools which the spacecraft system contractor has  developed to facilitate the detection of anomalies and 
incompatibilities. The following nicasuremcnt requirements must therefore be satisfied (as a minimum) by the selected monitors: 

a EVENT VERIFICATION AND STATUS DETERMINATION ' E'UNCTIONAL SIGNATURES (what i s  expected) 

a FAULT IDENTIFICATION AND ISOLATION a LONG TERM PERFORMANCE STABILITY 

CALIBRATION 

SpacecraEt contractor personnel a r e  available to ass is t  in determining if the telemetry monitors selected meet these goals. 

Their involvement will help to attain maximum protection of the experiment through the following: 

a IMPROVEMENT O F  TELEMETRY MONITOR SELECTION through the experience gained from four NIMBUS Spacecraft. 

@ BETTER DEVEIDPMENT OF THE ANALYSIS TOOLS for the particular needs of each experiment. Only the information 
gained by a continuing interface can make this possible. 

SpeciBis R u l e s  

Experience gained from four NIMBUS SpacecraCt has shown that the mandatory rules listed on the remaining pages of this section 
help to ensure that the above requirements a r e  met. Selection and use of telemetry monitors in accordance with the following rules, 
and the above requirements, is  the only way that adequate protection of the spacecraft and experiments can be gained. 
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TELEMETRY MOMITOR SELECTION and USE (Cont'dd) 

* PROVIDE MOTOR DRIVE CURRENT hlONITOIL5 In place of voltage monitors. 

e IX) NOT PROVIDE SUBSYSTEM INPUT CURRENT MONITORS OR FUSES. These  i t ems  will be included in the spacecraft  
electr ical  sys tem by the spacecrai i  contractor  (for  accessibility to  fuses and t o  minimize the number of cur ren t  monitor 
calibration curves) .  

* COMMAND RELAYS - Provide Digital "B" relay s ta te  monitors on &l command relays.  

* PROVIDE LEADS for  connection to external  telemetry power and 
ground if the  telemetry function can bc isolated from the  experiment 
power bus. Example: thermistor  circuit5 (See sketch). 

* DC/DC CONVERTERS - Provide analog monitors for DC/DC 
converter  output voltage. 

* PROVIDE TERIPERATURE MONITORS WI-IERE: 

* Components a r e  susceptible to  overheat  damage 

* Components experience significant temperature transients  
during operation 

* Data output i s  temperature dependent 

* Provide a t  l eas t  one temperature monitor in each component 

* Provide hot and cold temperature monitors  in each module 

SENSORS Q 
@ Provide temperature monitors in association with a l l  

p r e s s u r e  monitors 
* PRESSURE MONITORS - Provide p r e s s u r e  monitors  on a l l  

p ressur ized  units. Power to  these monitors  mus t  h e  full t i m e  
(See sketch). 

* KEY SIGNALS - Provide monitors  of the presence  of key signals  
supplied by the  clock. 

* PROVIDE MONITORS of key points in formatting and sequencing 
logic circuits .  

* PRIME DATA OUTPUTS - Monitor p r i m e  experiment da ta  outputs 
pr ior  to  processing. 

* '1'\VO STAT1 I,:\'I,:N'I'S (0&';/01:F) - The "ON" s t i t c  or the 
occurrcncc o l  thr  cvcnt being nionitorrd must Re dcnotctl by n 
logic:ll "onc~, " nnrl tht. "OFF" s ta tc  o r  nl~srncc. o f  thr clvcnt ' 
being nionitorctl niust hc indicntcxd hy a logical ''7.ckro. " 

* MAKE DAY/NIGHT AND DAY/NIGHT OVERRIDE MONIIVRS 
independent of subsystem power (see sketch). 

CALIBRATION CYCLES - Provide  Digital "B" te lemet ry  t o  indicate 
s t a r t  and end of calibration cycles. 

AUTOMATIC MODE SWITCHING - Provide Digital "B" monitors  fol 
relay and solenoid movements associated with automatic mode , 
switching. 

SC.\ 1.1.: 'I'III.: l : . lNf ; l . :  ol the* :I nnlog ~t,ic~tiito~'s 1 0  11inB~ tn:~si 11iuni 
utiliz:ltioti c ~ f  Ihr (I t o  - 1 ; .  :I:, \.olt tc~lc'mc~t~,y I,nngr (sc~t sl;c~tc.h). 

T/M 
NORMAL 

INSTEAD OF i.4 
OPERATION 

- 
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TELEMETRY MONITOR CALIBRATION CIJilVES - Establish calibration curves for each telemetered function. Calibration 
curves must be furnished with each experiment model supplied lo  the spacecraft  cmtmc to r  ( includhg prepmtotypee). 

SELECT FOR TELEMETERING the functions that have a frequency of occurrence and duration compatible with the available 
VIP sampling rates.  See example below. 

SAMPLE RATE 

* USE PULSE STRETCHER TYPE CIRCUITRY to extend the 
t ime of short  duration crit ical  functions that must be 
telemetered. 

UNDESIRABLE FUNCTION DESIRABLE FUNCTION 
RATE RATE 

@ TEMPERATURE SENSITIVE MONITORS - Provide monitors 
which a r e  not temperature sensitive. Temperature eompen- 
sation must he provided if the monitoring element i s  temp- 
era ture  sensitive. 

8 RESPONSE TIME O F  MONITORS - Design the response time 
of the monitor t o  be compatible with the sampling rate used 
and the function to be monitored. Do not employ monitors with 
the response time/sample ra te  shown at right. 

SAMPLE RATE.& careful when defining the sample rate,  
especially for fast  changing signals. Sufficiently high 
sampling rates must be used in order to prevent "aliasing", 
which i s  a distortion of the reconstituted signal which occurs 
when the energy in the sampled signal a t  frequencies in 
excess  of one-half the sampling frequency i s  not negligible. 
In order to determine the sampling rate,  i t  i s  imperative that 
the expected frequency spectmm of the sampled signal be 
determined first ,  ra ther  than basing the sampling rate on an 
arb i t rary  decision. (Reference: H.L. Stiltz, Aerospace 
Telemetry, Vol. I, Prentiee Hall, 1961, pp. 86-91). 

RETURN TO ZERO VOLTS. Design analog monitors to go to 
approximately 0 volts when function being telemetered i s  de- 
energized. For example: Design subsystem power supply 
voltage monitors to go to 0 volts when the power supply is 
OFF.  The telemetry monitor must,  of course,  be 
calibrated in accordance with this rule. 

SAME SOURCE. Energize a telemetry monitor from the same 
source a s  the function being monitored. Do not energize a 
telemetry monitor from a power source which may be turned 
off while the function being monitored is sti l l  energized. 
(Example--monitoring the rotation of a m i r r o r w i t h  power 
supplied from the same source a s  an electronics package 
which could be turned off although the mi r ro r  f s  kept rotating). 

OPERATING CIRCUITS. Provide isolation from subsystem 
operating circuits in ease  of telemetry shorting. Document 
for use by the spaemraft  nlanager and spacecraft con- 
tractor the effects of an open and a short on the telemetry 
output. 

* MOTOll DRIVEN COMPONENTS. Provide Digital "B" 
telemetry for monitoring the rotation of mir rors ,  gears,  
and other motor driven components. 

* STATUS AND MODE 1NI)ICAMRS. Use Digital "B" monitors 
for status and mode indicators. 

* UNAMBIGUOUS DATA. Monitor functions which provide 
unanlbiguous data o r  monitor additional functions which allow 
resolution of ambiguities when considered together. 

FAILURE ANALYSIL Select the telemetry monitors needed 
a s  data for failure analysis. Check with the spacecraft 
systenr conh'actor s o  that past experience can be used to 
ensure that the monitors used will be adequate for failure 
analysis. 

SAMPLE 
RATE 

ACTUAL 
FUNCTION , 
RESPONSE I 

TELEhIETRY FUNCTIONS. Backup telemetry functions which 
a r e  needed for data analysis with a redundant monitor. 
Cheek with the spacecraft system contractor to s e e  where 
redundant monitors a r e  essential. 

* ANAmG TO DIGITAL CONVERTERS. Provide an  in-flight 
calibration check of analog-to-digital converters. 

* DIGITAL "A" HOUSEKEEPING DATA. Provide backup 
housekeeping data for any housekeeping data transmitted on 
Digital "A". 

GROUND POTENTIAL SENSITIVITY, Telemetry c i rcui t s  must 
be designed and/or grounded so that changes in ground 
potential level have little or no effect on the telemetry 
monitor output levels. 

CLEARING OF  TELEMETRY REGISTERS. Clearing 9f 
r e a s t e r s  holding functional monitor data must be performed 
by the actuating source, such a s  command relays or internal 
circuitry, so  that the register indicates the actual status of 
the telemetry point being monitored. Clearing should not be 
performed by clock pulses o r  major frame pulses when they 
bear no relationship to the status of the function being 
monitored. Example: A register indicating an experiment 
i s  in a calibration mode i s  cleared by a major f rame pulse 
but the experiment remains in calibration until acted upon by 
a command relay. The command relay should have cleared 
the register,  rather than the major frame pulse. 

USE DIGITAL "B" F011 RELAYS. Do not use an analog monitor 
to denote a relay state or multiple relay states (via a 
res is tor  bank, a s  i s  often done). Not only does this t ie up 
the limited VIP analog capability, but only four levels of analog 
telemetry a r e  recognized in some integration and test  and 
flight operations activities, and relay data gained in this 
manner can be inconclusive. 

RANGE OF OPERATION. Only one range of operation (and 
thus one calibration curve) i s  to be used for each analog o r  
Digital "A" telemetry siot. Exception to this rule requires 
spacecraft manager approval. If approval i s  granted, the 
range of operation must be indicated by both analog o r  
Digital "A" and Digital "B" telemetry. 



HteDRSS C h a r a c t e r i s t i c s  

1\30 identical HDRSS units !inc!uding tape reeol-ders) a r e  provided on the spacecraft  fo r  s torage and 
playback of experiment data. These may he used in a redundant manner,  o r  each may s tore  data 
from different experiments.  

Five channels a r e  provided on cach IIDRSS; one rcservcd for  t imc codc and one reserved for  \'IP. 
Thus hvo analog and one digital chnnnel a r e  available for  experiment data.  

' f ie s torage capability of each HDIISS, i s  nominally 134 minutes (approximately 1 . 5  orb i t s  f o r  a 
600 nrn c i rcu la r  orbi t) .  

@ STORED DATA 

Data stored over ei ther  HDRSS i s  played back and transmitted over one of the  redundant S-Band 
systems (see sketch next page) whenever the  spacecraft  i s  within the coverage cone of a command 
and data acquisition (CDA) station. 

@ RECORD/PLAYBACK RATIO 

Rccord/playback ratio of 1\32 results  in data for a full orbit. The data i s  s tored on ei ther  IDRSS 
to be played back and transmitted to a Command and Data Acqujsition (CDA) station in approximately 
3 minutes. CDA stations a r e  located at  Gilmore Creek,  Alaska and Rosman, North Carolina; the 
spacecraft  is not acquired by a CDA station during an average of two orbits  daily (blind orbits) .  

r l i l~;Sl: l~\ ' l~: l)  ( ' 1 1  \ \Sl,;l.S 

Channel 1 on both HDRSS units will be reserved for s torage of the I'IP system data output (low 
data ra te  experiment outputs and spacecraft  telemetry) .  A second channel i s  reserved for  t ime 
code. 

Expe"inrent Reqolirernenlr 
@ SYNCHRONIZATION 

Experiment scanning o r  cycling must be synchronous with the VIP  major frame ra te  of once p e r  16 
seconds or  a multiple thereof (2 scans / l6  seconds, 3 s c a n s / l 6  seconds, etc .) .  V I P  major f rame 
pulses and clock signals a r e  available to  facilitate synchronization. 

@ 36-BIT TIME CODE 

NASA minitrack 36-bit time code (available from the clock) mus t  be included in the sensor  data 
output of a l l  experiments whose sensor  data i s  not handled by the VIP .  This  i s  required s o  that an 
additional t rack  of each HDRSS can be used for the recording of experiment data and to reduce the 
data processing required at  the integration and tes t  and flight operations facilities. 

* CALIBRATION DATA 

Calibration data (sensor outputs during calibration) must  be included in the VIP data, a s  well a s  the 
HDRSS data of experiments whose sensor  data is handled by the HDRSS. 

@ BENCH MARKS 

Bench marks  must be included in sensor  data to  the HDRSS. Bench m a r k s  a r e  telemetry data which 
a r e  essential  to  the h t e r p r e t a t i m  of sensor  data such a s  the s t a r t  and end-of-calibration, the s t a r t  
and end of spatial o r  spectral  scanning, etc,  Othcr\visc, VICP data would have to  he used in the  
interpretation of sensor  data, requiring an increase  i n  the computational facilities a t  the  
integration and tes t  and flight operations si tes ,  

* EXPERIlVlENT INPUTS M THE HDRSS must  he dual s o  that the two units can he used in a redundant 
manner and must be suitably isolated s o  that if a short  circuit  o r  other  malfunction of the HDRSS occurs,  
the remaining experiment output to the other  HDRSS can he used without system o r  performance 
degradation. 

% TWISTED PAIR LEADS must be used f o r  the tra!ksmission of experiment data to the HDRSS. 
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#!OH DATA RATE STORASP SUBSYSTEM (HBRSS) (Gent") 

@ DIGITAL DATA inputs to the HDMS must be in blphass b m .  In the blphase-level square wave a decreasing voltage in the center 
of the bit represents a one; an increasing voltage represents a zero (see  below). 

A. DIGITAL DATA 

B. NRZ(EJ0N-RETURN 
TO ZERO 

C .  RZ (RETURN TO ZERO) 

D. B i - +  LEVEL 
SQUARE- WAVE 

H D R S S  Channe l  C h a r a c t e r i s t i e s  (Typ ica l  N I M B U S  D )  

22 * 4 kohme 

to -6.0 (10.25) V 

Compatible with system 
performance requirements 
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SPECIAL P R E C A U T I O N S  . ELECTRICAL 

Page No . 
. . . . . . . . . . . .  High Voltage Precautions 5-1 . . . . . . . .  Radio Frequency Interference (RFI) 5-2 . . . . . . . . . . . . . . . .  Grounding 5-6 . . . . . . . . . . . . . . . . .  Shielding 5-8 . . . . .  FieldEffect Transistor (FET) Precautions 5-10 
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HIGH VOLTAGE PRIECALDWOIIIS 

Use of voltages in excess of 250 volts requires the early approval of the GSI:C spacecraft 

manager. Past  experience indicates that for voltages in excess of 250 volts, the following 

precautions must bc followed: 

@ SHARP CORNERS - Do not allow sharp corners  on any conductors carrying high 
voltages or on grounds near exposed high voltages. 

DO NOT USE SEALED CONNECTORS - Ventilate high voltage connectors, 

e DURING LAUNCH - Do not operate high voltages during launch. It will also be 
necessary to keep the experiment switched off for a sufficient length of time in 
orbit to permit proper outgassing. 

@ DE-AERATE ALL POTTING MATERIAL for conformal coated or solid potted boards 
after pouring,but before the potting compound sets. 

@ USE SILICON-RUBBER INSULATED WIRE 

ADEQUATELY VENT MODULES which house high voltages, o r  pressurize to main- 
tain pressure high enough to eliminate corona. 

@ ADEQUATELY SEPARATE all exposed high voltages from ground, lower voltages, 
and voltages of opposite polarity. 

CORONA OR ARCING - The experiment must be designed so  that if corona o r  arcing 
develops a s  a result of a command e r ro r  o r  malfunction of the equipment, the 
associated effects will not violate any of the electrical interface specifications. 

@ CORONA OR ARCING DURING LAUNCH - Where potentials in excess of 100 volts 
which can cause corona a r e  active during the launch phase, means for prevention 
such a s  pressurization, solid potting, o r  current limiting of power supplies must 
be provided. When pressurization i s  not used, modules must be vented to assure  
rapid outgassing. 
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RADIO F R E Q U E N C Y  [NTERFERENCE (RPI )  

R F I  D e s i g n  P r a c t i c e s  

Equipment must be designed pacltaged s o  it i s  not adversely affected I,? interfering sources  of energy 
and, conversely, must riot he a source o f  interference which might adversely affect the operation of other 
equipment. Proper  griiunding n i~d  s ' r i i e i~ ih~g ,  which a r e  covered in the next t\vo sections, a r e  important 
in reducing RFI. In addition, the follo\ving guidelines must be followed: 

r STABILITY - Circuiis ,  e s p e c i ~ i l y  of the feedback varietv, must be d e s i p e d  s o  that stability IS 

achieved at  a l l  f requenc~es .  

0 PARTICULAR ATTENTION must be given to wiring and component arrangement to  avoid unwanted 
coupling causing undesiral~le Ceedl~ack and spurious modes of operation. 

r ADEQUATE FILTERING must he supplied for decoupling power supplies. 

0 LINEAR AMPLIFIERS,  f ree  of harmonic and cross-modulation distortion, must be used where 
applicable. 

SHORT LEADS - Leads must he kept a s  short  a s  possible and cross-coupling between c i rcu i t s  
minimized through use ol shieltiing and right-angle c ross ing  of leads. 

* RADIATING COMPONENTS such a s  t ransformers  and coils m u s t  be shielded. 

0 SPARK AND ARC SLJPPItESSION niust be used on al l  re lays  where  c u r r e n t  i s  broken. 

MINIMIZE RISE TIRm - Coils containing rapidly changing c u r r e n t s  such a s  relay coils  must have 
effective surge-damping elements associated with them o r  minimize the r i s e  t ime by other means. 

F Z T E R S  must he used to eliminate unintended signals conducted on a line. F i l t e r s  should he 
designed to attenuate to an acceptable level all frequencies both above and below the desired 
frequency range. 

* CROSS-COUPLING between circuits  shall be minimized by adherence to the following rules: 

SIIIELD al l  lo\\' level signal leatls ( l e s s  than one volt peak amplihlde) within modules. 

DO NOT BRING lo\\ level signal ( less  than one volt) leads out of modules (amplify f irs t  to  a t  
least  one volt amplitude). 

POWEII W R W G  should he run separate from signal car ry ing  \r i re .  

AUDIO FREQUENCY WIRING should be run separately from high frequency wiring. If 
separation i s  not possible hccause of space limitations, the audio frequency wires  should con- 
s i s t  of twisted p a i r s  with an outer s h ~ e l d .  

ANTEXNA WIRES should I,e separated from other antenna wires.  

TERhTEATWC AND SOIJRCE 1RTPI:DANCES should he low to minimize electric field inter- 
ference pickup. 

6 OTHER METIIODS O F  REDUCZNG RADIATION: 

ELECTROb1AC:NETIC COLPLING can be rpduced by placing a high impedance to ground. 

ELECTROSTATIC COUPLIh'G can be reduced by placing a low impedance to ground. 

ELECTROMAGNETIC FIELDS can be reduced by using a single polnt ground for the entire 
noise-producing circuit ,  and 11y orienting the components and leads s o  that their  field induce 
a minimum of cur ren t  in the surrounding metal. 

CHASSIS RADIATION is  the result  of induced cur ren ts  circulating in the walls of metal chassis .  
This  type of interference can be eliminated by: 

AKRAKGEVG COhrPCINENTS producing electromagnetic fields in a manner which irrill in- 
duce a minimum of cur ren t  in the shieltl material. 

* FOR LOW FIIEOUENCY CIRCUITS, hy using a common ground bus or  load. 

@ FOR HIGH FREQUENCIES, by using short  duct leads. 

USING A COlu'?!NUOUSJ UiiEWl<EN, lil':SI'LICEL! SHIELD for cmta ink~y;  the offending 
field. 
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Based on past experience (See Nimbus I3 I r e q .  Spectruni, next two pages), the following tests a r e  required a s  a minimum for 

all engineering model and prototype model sp:~cecraft hnrdwure. A test plan which outlines the specific approach to RFI testing 

shall be submitted to the Nimbus Spacecraft Manager for review, and approval prior to the beginning of the test  program. 

Radiation Tests: The unit under test shall be illuminated with the following power levels a t  the specified frequencies from an 

antenna placed approximately one (1) tneter from the experiment. 

Spurious Output Tests: For those experiments which generate internal frequencies o r  transmitter frequencies above 100 MHz 

in the normal mode of operation, tests shall be conducted to determine the power/frequency spectrum of such generators. 

These tests shall measure conducted RI*' energy at  selected interface pins and radiated energy at  specified points in the proximity 

of the experiment envelope. The energy measured at  such points shall not exceed the limits specified by the following table: 

Frequency Range 

10 - 100 MHz 

1 - I GHz 

1 - 10 GHz 

above 10 GHz 

Attenuation (DB) 

-40 

-60 

-80 

-140 

Performance Degradation: Any degradation in Experiment performance while operating in the above R F I  environment shall 

be reported to the Nimbus S/C Manager. The report  must include the character and magnitude of the observed degradation 

and test  environment. A decision will then be made upon what corrective action must be taken in either (or both) the experi- 

ment design o r  the spacecraft design. 
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NIMBUS B F R E Q U E N C Y  SPECTRA 

Received 
COMMAND RCVR. X-ENCODED PULSE RATE 

COMMAND RCVR. Y AND W ENCODED PULSE RATE 

COMMAND RCVR. UNENCODED PULSE 

COMMAND RCVR. UNENCOOED PULSE 
r C O M M A N 0  RCVR. UNENCOOED PULSE 

S-BAN0 XMTR. NO. 2 DOUBLER (106.4MHz) 
S-BAND XMTR. NO. I DOUBLER(106.7MHz) 

IRLS RCVR. OOUBLER (110.250MHz) 
RTTS XMTR. XTAL ( 5 t h  OVERTONE) (ILBMHz1 
COMMAND RCVR LO (129.52MHz) 

Generated 
PCM XMTR. (136.5MHz) 
RTTS XMTR.(136.5-137.2MHz) 

xMTR. OOUBLER 

S-BAND XMTR. N0.2 DOUBLER (851.2 MHz) 

I [I 1 111 (40I.15MHz)lRLS X M T R I  I I 
XMTR. NO. I DOUBLER (853.8MHz) 

I I I I I I I I I I 
IDOM 2 0 0 M  3 0 0 M  4 0 0 M  5 0 0 M  6 0 0 M  7 0 0 M  BOOM 9 0 0 M  IOOOM 

CLOCK (1.6 MHz) t- CLOCK (3.2 MHz) r IRLS RCVR. I F  RTTS VCO 

SPIKE ON PWM REGULATOR 
k+"- FUNDAMENTAL WHEN IRIS 

I I I I I AND HDRSS ON 

I I I I I I I I I I 
I M 2M 3 M  4 M  5 M  6 M  7 M  BM 9 M  IOM 

K (TIME CODE CARRIER) 

RSS PLAYBACK (IOCS DATA RATE) SS OOUBLER (IDCS DATA RATE) 

A/O CONVERTER 

I I I I I I I I I I 
IOK 2OK 3OK 4 0 K  50K 6 0 K  7 0 K  BOK 9 0 K  IOOK 

DRIVE), SIRS TIMING DERIVATION IOCS DATA RATE 
PLAYBACK (HRIR OATA RATE) 
OOUBLER (HRIR DATA RATE) 
PLAYBACK (IOCS OATA RATE1 

r HRIR DATA RATE r- PCM REAL TIME DATA DOUBLER (IOCS DATA RATE) 
I 
I 

I CLOCK(MOT0R DRIVE). 
I PRTG OSC ! ~ R M P  MOTOR DRIVE 

10 

CLOCK 

CLOCK SlRS TIMING DERIVATION 

I 
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NlMBlbJS B F R E Q U E N C Y  SPECTRA 

R e c e i v e d  

+COMMAND RCVR. X-ENCODED PULSE ('On) 
COMMAND RCVR. X-ENCODED PULSE ("1.1 

COMMAND RCVR. Y- ENCODED PULSE ('0'1 
COMMAND RCVR.Y-ENCODED PULSE ("I") 

COMMAND RCVR. W-ENCODED PULSE ("0') 
COMMAND RCVR. W-ENCODED PULSE 1.I') 

RECEIVER FREQUENCIES (NON-RFI  

S/S  FREQUENCY ( I O ~ ~ H Z )  - TYPE OF RADIATION 

IRIS 0.15-0.60(5-20p) INFRARED 
SIRS 0.20-0.21 ( 14.2-15pI INFRARED 
MRlR 0.1-0.6;0.75-1510.2-30pl ULTRAVIOLET, VISIBLE, IR 
HRIR 0.71-0.88; 2.31-4.3(0.7-4.2~1 INFRARED 
IOCS 4.0-6.25 (0.48-0.75p) VISIBLE 
MUSE 10-300(0.01-0.29,~) ULTRAVIOLET 

t-- COMMAND RCVR. RF(149.52MHr) 

I IRLS RCVR. RF 
(466MHz l  

S-BAND XMTR. N0.2 (1702.5MHz) 
S-BAND XMTR. W. I (1707.5MHz) 

I(-COMMAND RCVR. I F  

I I t I I I I 
IOM 2OM 3 0 M  4DM 5 0 M  GOM 7 0 M  

L 

MRlR DERIVATION FOR A/D CONVERTER 

1 r- HDRSS PLAYBACK (IRIS1 

HDRSS DOUBLER (IDCS SYNC) 

IRLS RCVR. IF(25MHz) 
IRLS XMTR. XTAL.125.09375MHz) lRLS XMTR' D0UBLER(50"B75MHz) 

S-BAND XMTR. W . 2  DOUBLER(53.2MHz) 
S-BAN0 XMTR. N0.2 VCO(26.GMHz) S-BAND XMTR. NO. I DOUBLER (53.4MHz) 
S-BAND XMTR NO. I VCOl26.7MHz) 1'; IRLS RCVR. LO(32MHz) lr RGVR Lo 155.r PCM XMTR. XTAL(B8MHz) 

IRLS XMTR. 1100.375MHzI DOUBLER 1 
I I I I I 1  I 

, HDRSS MIXER OUT (MRIR LSB) 
. / , HDRSS LO 

HORSS DOUBLER (HRIR VIDEO HDRSS MIXER OUT IMRIR USB) 
HDRSS MIXER OUT (TIME CODE USB) 

I I I 
BOM 9 0 M  IOOM 

MIXER OUT IIDCS SYNC USB) 

ER OUT 

07K 

IDCS DATA RATE 
MRlR DATA RATE 

IRIS INVERTERS 
HDRSS IIDCS SYNC1 

CLOCK; IDCS a HRIR CARRIER 

HORSS IIDCS VIDEO) 
3.16K 

PLAYBACK (HAIR DATA RATE) 
HDRSS DOUBLER (HRIR DATA RATE) 
HDRSS PLAYBACK IIDCS DATA RATE1 

DOUBLER IlOCS DATA RATE) 

PWM REGULATOR FUNDAMENTAL 
IRIS DERIVATION OF DATA BIT RATE 

AYBACK (TIME CODE) 
IVATION OF DATA BIT RATE I 1 TIME CODE CARRIER; IRLS DC/DC 

I CONVERTERiRAIP POWER DERIVATION 

I I I I I I I I I I 
IK 2K 3K 4K 5K 6 K  7K GK 9 K  IOK 

Frequency (Hz)  5-5 
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Proper grounding effectively reduces t'ne transmission by condilction of interfering energy (noise) from one 

system to another and within a system. 

Grounding Philosophy 
The grounding philosophy for NIMBUS E and F (see sketch below) is  as  follows: 

SYSTEM UNIPOMT GROUND i s  established in close proximity to the power control ler  module and consis ts  of a copper bar  
electr ical ly and mechanically bonded to the spacecraft s t ructure.  Vnipoint ground i s  the reference ground, and power ground f rom 
the power control ler  module i s  tied t o  this point through the power harness .  

PO\VEII GROUND i s  defined a s  3 noise ground (choppers, solenoid switches, motors ,  relays,  e tc .  ) where the noise level ia not 
detr imental  to  the operation of the subsystem. The power r e tu rn  should be twisted with the power lead. 

SIGNAL GROUND i s  used a s  a reference for low-level signals (video, e r r o r  signals, sync signals, 
etc. ). A low-level ground i s  a subsystem requirement because these circuits a r e  susceptible to noise. 

TELEMETRY GROUND is used a s  a reference for the low-level telemetry housekeeping and moni- 
toring signals. 

CHASSIS GROUND refers  lo the subsystem case o r  metallic structure and i s  accomplished by the 
following: 

8 SONDING of the chassis  to  the local s t ructure,  and 

8 A BACKUP ELECTRICAL PATH via wires  attached to the chassis  and the local s t ructure which mate a t  a power 
connector pin for  cr i t ical  components. 

AS A GENERAL RULE, the subsystem power, signal, and chassis grounds are isolated from each 
other. The subsystem grounds are  wired separately to the unipoint ground at the spacecraft power 
supply. However, because of their electrical characteristics, certain subsystems (transmitters, 
receivers, etc.)  use a unipoint ground within the system; namely, power, signal, and chassis grounds 
a r e  common. - 

S C FLIGHT 
ADAPTER 

AGE 
TEST PLUG 

VIP 

P W R  RET. BUS 
(FLOATING RELATIVE 

TO CASE) 

SIGNAL GROUND ( IF  REQ.) 
I 

I POWER CONTROLLER MODULE I 

SPACECRAFT 
SUBSYSTEMS # I I 

SPACECRAFT 
SUBSYSTEMS = n 
COMPONENT 1 

POWER RETURN' 1 - - 

GROUND S Y S T E M  
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* DC TO DC CONVERTERS must be used to isolate the signal ground from 
the power return. 

EACH CONNECTOR (except coax) must have two pins wired to signal ground 
and one to chassis ground. 

* THE SIGNAL GROUND PINS must be wired to the signal ground 
point in the experiment circuitry. Wiring to these pins will 
permit the spacecraft contractor to tie the experiment signal 
ground to a noise-free spacecraft ground if required. 

* THE CHASSIS GROUND PIN must be wired to the module chassis. 
The impedance from the connector pin to the chassis must be less 
than 5 milliohms. Shields may be tied to the chassis ground pin by 
the spacecraft contractor. 

POWER GROUND - At least two pins on the power connector must be 
wired to the spacecraft power return. If the current exceeds 3 . 0  amps, 
additional pins must be provided unless No. 16 connector pins and wires 
a r e  used, in which case  additional pins must be wired if the current exceeds 
5. 5 amps. 

* SEPARATE POWER RETURNS - For telemetry monitors switched on and 
off, a separate power return must be provided and brought out to a con- 
nector pin on the power and VIP connectors. 

* CLOCK - The isolation transformers used in the experiment for the clock 
interface a r e  not to be grounded to either the power return o r  the chassis 
ground, but rather a separate connector pin i s  to be wired to each trans- 
former for connecting to the low level signal ground a t  the spacecraft clock. 

* COMMANDS - Command input leads (MA and XIB lines) must NOT be 
grounded under any conditions. 

* SHIELD GROUNDS - It i s  usually advisable to ground a l l  shields internal 
t o  the module to the chass is  and to bring the shields of wires  interfacing 
a t  connectors out to  connector pins (next to  the signal lead connector pin). 
All in ternal  component shield grounding mus t  be brought to  the attention 
of the NASA GSFC spacecraft  manager and the spacecraf t  contractor s o  
that the ground loops can be avoided when the spacecraf t  harness  i s  
connected. 
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SHlELDlNG 

P r o p e r  shielding effectively reduces the transmission by radiation of inlerfering energy 

(noise) i rom one system to anoi i~er  and witlrin a system. 

* NOISY WIRING - Wire shielding \rill be used for  a l l  noisy wiring, clock signals ,  
etc .)  in the spacecraft  harness  in addition to shielding of bundles and physical 
separation from susceptible wiring (low-level s ignals ,  telemetry,  data,  e tc . ) .  
Experimenters  must  therefore allocate a connector pin for the shield and de te r -  
mine if the shielding should be car r ied  through the experiment package. 

' SUSCEPTIBLE WIRING may a l so  require shields in the spacecraft harness ,  
depending upon the environment. 

0 ALL LOW-LEVEL SIGNAL LEADS (less than one volt peak amplitude) must  be 
shielded and not brought out of the module. 

' THE DEGREE O F  ATTENUATION REQUIRED must  be established. The type 
of shielding required can then be determined. 

' THE SHIELD MAY CONSIST of braided wire o r  metal tubing. 

BRAIDED WIRE SHIELDS must have a t  least  four interwoven s t rands  and 
provide coverage (shielding) of a t  l eas t  92%. 

r MUST BE CONTINUOUS - The wire shield must  be continuous along the 
wire path, inclusive of terminal  blocks, junction boxes, and connectors. 

r NECESSARY HOLES in the shield must  be kept small  in a r e a ,  the 
largest  diameter  being much smal le r  than the wavelength of the 
interfering frequency. 

A T  CONNECTORS - The wire  shield must  extend within the back of the 
connector. No more  than one inch of unshielded wire shall protrude 
back of the connector pin o r  socket. 

INSULATING SHEATH - Each wire  shield must  be covered with an insulating 
sheath to prevent electr ical  contact, except at  the point of intentional bonding. 

USE OF TWISTED PAIRS AND COAXIAL CABLE a lso  aids in reducing the t rans-  
mission of noise by radiation by reducing the susceptibi l~ty of the cable to the 
noise. 

r TIGHTLY TWISTED - Twisted p a i r s  ( o r  t r iples)  must  be tightly twisted, with 
the distance along the wire required for  a complete (360 degree)  twist not to 
exceed five t imes  the diameter  of the wire plus insulation. 

r HIGH FREQUENCIES - If s imple twisted pa i r  i s  inadequate due to high frequency 
interference,  the twisted pair  must  be shielded by an additional copper braid 
covering. 

B R F  COAXIAL LINES - If a s imple coaxial line proves inadequate, a multiple- 
shielded coaxial line must  be used. In this  event, the outer shield will not be 
used a s  a current-carrying conductor. 

* SmELDS MUST NOT BE USED a s  a return conductor (except for single shield coax),  
a s  cur ren t  flowing on the surface of the shield can cause radiated R F  energy. 

SPACECRAFTA&FcNESS SHIELDS - Shields car r ied  through the spacecraft harness  
must  be lied to a connector pin next to the pin for the conductor. Shield pins may 
be tied to the c h a s s ~ s  ground pin by the spacecraft  contractor. 
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F o r  ex t reme magnetic shielding problems,  n~ul t ip le  shielding application of 
nu-metal foils must  be utilized. 

a INNER SHIELD - Use a high permeability alloy such a s  conetic mater ia l  for 
the inner shield. 

e OUTER SHIELD - Use a high saturation alloy such a s  Netic mater ia l  for  the 
outer  shield (to protect against external fields). 

e INSULATING MEDIUM - Isolate the inner shield f rom the outer  shield with 
a n  insulating medium. 

Equipment Shielding 

e ESTABLISH the degree of attenuation required. Weight and space 
considerations will then indicate the type of mater ia l  to be used and the 
level of attenuation attainable. 

e CLEAN AND MATCHED MATING SURFACES should be used. 

e SHIELDING CONTINUITY must be maintained a c r o s s  mechanical 
discontinuities (pressure  vent openings, access  panels, e tc . )  

R F  GASKETING should be used a s  a shield, if necessary,  to  improve 
the effectiveness of shielding between surfaces.  P r e s s u r e  applied to 
 he gasket by mating surfaces shall be :, 20 psi. P r e s s u r e  must  not 
be grea te r  than one-third the elast ic  l imit  of the gasket. 

0 NECESSARY HOLES IN THE SHIELD must  be kept smal l  in a r e a ,  the 
la rges t  diameter  being much smal le r  than the wave lengths of the 
interfering frequency. 

e LARGE HOLES, such a s  ventilating ducts ,  must  be covered by a fine 
copper mesh.  If this i s  not possible, RFI compensation should be 
accomplished by the installation of a wave guide attenuator over the 
holes. 

FOR THERMALLY ISOLATED EQUIPMENT OR STRUCTURAL ELEMENTS, 
the shielding path to  structure shall  be via a ground strap.  . USE O F  AN ABSORPTION MATERIAL - Continual reflection within a shield 
may occur;  thus a good shield may crea te  a n  unwanted oscillating field. 
This  can be corrected by the insertion of an absorption material .  

Residual Magnetism 
During the course  of building, testing, and transporting a subsystem o r  experiment, it can he 
subjected to magnetic fields which could be damaging to the item. Experimenters must be 
aware of the magnetic environment and should know whether any such fields could cause 
degradation o r  damage to their units. 

0 VIBRATION EXCITER - Onc of the generators  of magnetic fields is the vibration 
exciter .  

0 TURN-ON AND TURN-OFF - The highest magnetic fields a r e  generated during 
the initial turn-on and turn-off of the vibration systcm. It is  strongly recom- 
mended that the shaker system be turned on (full opcrating cur ren t  of the shaker 
field and degaussing system; a c  power off) for a t  least  10  minutes pr ior  to 
bringing the item near the shaker and that the item be removed from the shaker 
vicinity pr ior  to shaker power shutdown. 

@ PEAK FIELDS - Some of the older models can generate a field a s  great  a s  
8 0  gauss during turn-on and turn-off and 30 gauss steady-state near the top of 
the exclter. 

r TYPICAL - Steady-state fields for shaker systems a r e  typically 5 to 10 gauss. 

* TRANSPORTATION - I t  has been reported by reputable authorities that exposures 
a s  high a s  5 gauss have been recorded on packages during cross-country trans-  
portation. 
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FlIEbBT EFFECT T R A N S I S T O R  ( F E T )  PfFgECAUTlONS 

The input terminals of FETS and MOSFETS (field effect transistors 

and metal oxide semiconductor field effect transistors) must be 

brought out to connectors and protected by a shorting plug when not 

in use. The input terminals must be kept shorted when not in 

operation or undergoing test so  that static charge cannot build up 

across  the gate to  body, punching through the dielectric. 

Procedures 

Procedures for installation and removal of the shorting plugs must 

be written and provided to the GSFC spacecraft manager and to 

the spacecraft contractor with the equipment. A typical pro- 

cedure might consist of the following: 

Do not remove shorting plugs except to run tests o r  attach to 

spacecraft wiring. 

Use the following sequence for  removal of shorting plugs. 

Disconnect the shorting plug from connector pin 
and install cable 

Disconnect the shorting plug from connector pin 
(the other FET terminal) and install cable 

For reinstallation of shorting plugs, use the following sequence: 

Disconnect cable from connector pin 
and install the shorting plug. 

Disconnect cable from connector pin 
and install the shorting plug. 

The a se  of additional protective circuits must be investigated. I f  

such circuits can be used they must be made a requirement, with 

documentation provided to the GSFC spacecraft manager. Such 

a circuit might consist of a Zener diode o r  a resistor to limit 

the voltage o r  bleed off the charge, respectively, across the 

input terminals. 
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WEST FLOW DIAGRAM 

The diagram below shows the flow of hardware from subsystem level testing througi~ integration and space- 

craft system testhg to prelaunch testing at the Western Test Range. 
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EXPERIMENT T E S T I N G  

0 ENGINEERING IPREPROTO'TYPE) MODEL HARDWARE 

Preprototypc model hard\vnrc must  have the s a m e  mechanical and electr ical  interface and 

dimensions a s  the flight hardvarc ,  but they necd not use preconditioned components and must 

not contain potting requirerl fo r  s tnlctural  resistance to v ibmt i [~n .  'The engineering model must  

be capable of operating in a thermal-vacuum chamber from IO'C to 4 0 ' ~  for  a g r o s s  checkout 

of chamber facilities involving experiment thermal-vacuum calibration targets ,  chamber inter- 

face wiring, spacecraft  thcrmal-vacuum tes t  procedures,  etc. 

PROTOTYPE MODEL HARDWARE 

Prototype modcl h:irdwnrc must  he idcntical to flight hardware tlesign and must  have been suc- 

cessfully tested to al l  applicable spccification requ~rcments .  In a~lclition, prototypc models 

must b r  c~urilifictl to the prototype envimnmental levels a s  delineated in the applicahle GSFC 

spccification ( see  T c s t  Environments Section). 

0 FLIGHT MODEL HARDWARE 

Flight model hardware m u s t  be identical in al l  respec ts  to the prototype model which was 

successfully qualification tested. In addition, flight hardware mus t  be acceptance tested to the 

flight environmental lcvels a s  delineatctl in the applicable GSFC specification. These ler.els 

a r c  sonlc~vh:*t l ess  scvere  than prototype levels. 

Subsystem (Experiment) Level Tests 
The cxprrinlenter  i s  responsible for performing all subsystem environmental tests  and electr ical  

t es t s  to applicable contract  specifications. All records of testing and calibrations m u s t  accompany the 

delivery of equipment to the spacecraft  contractor  facility. In addition, the hardware developed for 

electr ical  checkout (I~ench checkout units) must  accompany delivery of models to the spacecraft  contractor  

facility, a s  it must  be  used during bench acceptance and bench integration tests .  

Summary of Subcystem Testing 
The following i s  a summary of t e s t s  to be conducted by experimenters  pr ior  to shipment of hardware 

to the spacecraft contractor. Experiment contracts and specifications will define specific require- 

ments, however, the following i s  generally applicable. 

e ENGINEERING (PRCPROTOTYPE) MODELS - Development functional t es t s ;  limited environ- 

mental t es t s ;  bench acceptance tes t  if bench checkout equipment i s  available a t  the time. 

@ PROTOTYPE MODELS - Qualification t e s t s  to applicable specifications; bench acceptance test  

p r ior  to shipment. 

FLIGHT AIODE%S - Flight accrptancc tests  to applicable specifications; bench acceptance tes t  p r ior  

to shipment. 



November 1968 

BancSzi Acseptancce "Osls  
Bench Acceptance tests a r e  the final tests performed by the experimenter pr ior  to hardware delivery to 

the spacecraft contractor and the first tests performed on the experiment by the spacecraft contractor. 

The purpose of these tests i s  to demonstrate experiment performance prior to shipment and to verify per-  

formance after delivery to the spacecraft contractor facility. Bench acceptance testing i s  intended to 

allow maximum accessibility to the experiment for checking i ts  operability and compatibility with simu- 

lated spacecraft interfaces. Therefore, it i s  in the experimenter's best interests to develop complete, 

accurate bench acceptance test procedures and Bench Checkout Units (BCU). 

BENCH ACCEPTANCE TEST PROCEDURES must be reviewed and approved by both the ex- 
perimenter and the GSFC spacecraft manager to  ensure that both the experiment design and 
i ts  compatibility to the spacecraft interface a r e  verified. Spacecraft contractor review of 
Bench Acceptance Test Procedures i s  a lso  required. 

BENCH CHECKOUT UNITS must include both hardware to verify the experiment design and 
simulated spacecraft subsystem interfaces for  commands, telemetry, power, data handling, 
and any other electrical interfaces which a r e  applicable. BCUs must also include BCU tar-  
gets and an appropriate interface for  the experiment test points. BCU targets a r e  also used a s  
part of the spacecraft check-of-calibration adapter--used in the calibration test at  ambient --and 
must therefore be compatible with that adapter. 

Bench Integration Tests 
The spacecraft contractor'performs a Bench Integration Test  Program to integrate each experiment with 

all other subsystems with which it interfaces. The plrpose of this program i s  to reveal early in the 

Program any basic incompatibilities in the operation between subsystems, performance anomalies, o r  

e r r o r s  in hardware design o r  fabrication prior to installation in a spacecraft. Where possible, sub- 

systems a r e  operated with their ground stations to further assure system compatibility. Bench integra- 

tion test  requirements and procedures a r e  developed from design documentation, performance require- 

ments,  t e s t  r epo r t s ,  and operating and handling instructions provided by experimenters.  During a 

typical bench integration tes t  (see diagram below) an experiment i s  integrated with the power, command, 

HDRSS and VIP subsystems. When a l l  experiments a r e  integrated, a s e r i e s  of "system" level t e s t s  i s  

performed to evaluate experiment compatibility with other subsystems, to  checkout sys tem t e s t  pro-  

cedures ,  and to  confirm ground station hardware and software performance. 

EXPERIMENT 
EXPERIMENT 

T Y P I C A L  BENCH I N T E G R A T E  ON T E S T  F L O W  
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SPACECRAFT TESTING 

After Bench Acceptance and Bench Integration testing (see previous section, "Experiment Testing), the spacecraft contractor 

initiates the integration of experiments and spacecraft subsystems into the sensory ring. The following summarizes the testing 

performed from sensory ring integration thl-ough prelaunch tests of the flight spacecraft at the Western Test Range. 

8 SENSORY RING n L ' T E C R A i  - Experiment and subsystem hardware is  installed in the spacecraft sensory ring and 
checked for compatibility with the command, clock, VIP, HDRSS, and power interfaces. Various power transient and 
noise measurements are  taken. Alechanical cheeks performed include a mechanical fit check and installation and checkout 
of spacecraft harnessing. 

0 ELECTRICAL COMPATIBILITY - This test ser ies  i s  a completion of the sensory ring integration test using the assembled 
spacecraft. Its duration is  the equivalent of approximately four orbits. Compatibility in terms of conducted electrical 
energy i s  determined by turning a subsystem o r  experiment on, operating it, and turning it off, while monitoring the effects 
at various points in the system. Compatibility with the ground station and the AGE i s  also verified. 

0 R F  COMPATIBILITY - This test ser ies  i s  performed in the spacecraft contsactor anechoic facility to detect interferences 
due to radiated electrical energy. Tlie effects of transmitters upon subsystems, experiments, and particularly upon r e -  
ceivers a r e  determined by the running of three test orbits. 

0 ELECTRICAL SYSTEMS - The electrical systems tests a r e  the final complete electrical checkout of the spacecraft. 
Calibrations and bench mark telemetry levels become the baselines used in thermal-vacuum testing and checkouts at the 
launch si te.  

THERMALVACUUM - Thc thermal-vacuum test on the flight spacecraft includes electrical operation verified at  each 
temperature platcau. Calibration and tclemctry levcls a r e  recorded on the flight spacecraft for verification of in-orbit 
performance. 

VIBRATION 

e PROTOTYPE LEVEL TESTS, if  conducted, a r c  run on an optional spacecraft model (mcchanical test modcl), which 
will be used specifically for qualification of thc dcploymcnt mechanism. 

e FLIGHT ACCEPTANTE LEVEL TESTS a re  performed on the Flight Spacecraft. 

0 FINAL SYSTEM CHECKS AND PRESHIP TESTS - Included are such tests a s  alignment, spring determination, solar paddle 
check, antenna tuning, interface checks, pneumatic leak tests and workmanship vibration. 
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@ THE FLIGHT SPACECRAFT undergoes prelaunch tests 
to verify operability and overall system launch readi- 
ness. 

@ PRELAUNCH TESTING i s  conducted in two areas ,  the 
Satellite Assembly Building (SAB) upon arriving at the 
WTR and at  the launch pad. The diagram below out- 
lines the spacecraft testing performed at W R  at these 
hvo locations. 

SAB 
TESTS 

PAD 
TESTS 

FLIGHT SPACECRAFT 

e Clearance Tes ts  
0 RF Link Test  
0 S/C Confidcnce Test  
0 1lF Link Chcck 
e S/C Go/No-Go Chcck 
0 Mock Countdoivn 
r A r m  Pyrotechnics 

S/CConIidenceTest 
Countdown 



Test environments for NIMBUS E and F s~tbsystems and experiments will be delineated in 

the applicable GSFC specification. Levels to be tested may vary in some cases with loca- 

tion of the equipment in the spacecraft (i. e . ,  bay mounted, center section mounted, below 

the sensory ring, etc. ). The values summarized below a re  offered only as  design guide- 

lines. 

Prototype Level (Qualification) Test Environments 
The values given a r e  worst  case and a re  only to be used a s  design guidelines. 

0 VIBRATION 

Sinusoidal: 5 to 2000 cps,  10 G (0 to peak) all axes ,  sweep r a t e  1 octave/minute 
Random: 20 to 2000 cps,  20 G-RMS all axes, 4 minutes/axis 

0 ACCELERATION: 30 G for 5 minutes 

THERMAL-VACUUM: Temperature cycling between -5 and 4 5 ' ~  at a pressure of 
less than 10-5 mm Hg 

HUMIDITY: 95% relative humidity at  3 0 ' ~  for 24 hours 

Flight Level (Acceptance) Test Environments 
These environments a r e  typically somewhat less  than prototype levels, and a r e  intended 

to simulate the actual operating environment. The values given a r e  worst case and a r e  

only to be used a s  design guidelines. 

VIBRATION: 

Sinusoidal: 5 to 2000 cps,  5 G (0 to peak) all axes ,  sweep r a t e  2 octaves/minute 
Random: 20 to 2000 cps,  11.7 G R M S  all axes,  2 minutes/axis 

0 THERMAL-VACUUM: Temperature cycling between 0 and 4 0 ' ~  at  a pressure of 
less than mm Hg. 

Component Operation During Testing 
Components a r e  operated during tests in the manner in which they would be operating when 

encountering the applicable environment. For example: 

VIBRATION AND ACCELERATION 

Components a r e  operated in the same manner a s  during launch lift-off and ascent 
for vibration and acceleration testing. 

@ THERMAL-VACUUM 

Components a r e  operated in the normal in-orbit mode during thermal-vacuum testing. 

Components a r e  subjected ~IJ high relative humidities only during storage and check- 
out pr ior  to launch, so components must he capable only of surviving (nonoperating) 
the humidity testing and satisfactory operation thereafter. 
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"%PEST PROGRAM ENVIRONMENTS 
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The  handling 2nd availability of t e s t  d :~ ta  a r e  limited by the test  data link and equipment. The summary  be- 

low and the table on the opposi te  page outline the major  t e s t s  and d e s c r i b e  the i r  data links and p r imary  

s o u r c e s  of test  data.  

Bench A e c e p l a m c e  
The exper imente r  provides the  harnessing,  test  equipment, and st imuli  f o r  bench test ing h i s  experl-  

ment to a s s u r e  sat isfactory pe r fo rmance .  The t es t  equipment (Bench Checkout Unit) is  the p r imary  

source  of t e s t  da ta .  

Bench Integration 
The  spacecra f t  con t rac to r  provides inter-subsystem harness ing  and, in conjunction with bench accep- 

t ance  ha rness ing  and equipment provided by exper imente r s ,  p e r f o r m s  experiment/suhsystem com- 

patibility t e s t s .  BCL', te lrr i letry and experinicmt data a r e  provided. 

Sensory Ring Integralism and E!ec@rical Compatibilhy 
In this  test  s e r i e s ,  the  various subsys tems  a r c  tested inrlividually and a r e  then progressively tied to- 

gctlicr in a spacecr:tft sensory  r ing to checlc overa l l  s y s t e m s  p e r f o ~ m a n c e .  As the subsys tems  a r e  tied 

together ,  t e l emet ry  and r sper iment  data become the p r imary  method avai lable to  de te rmine  subsystem 

prrform:mce.  

Electrical Systems and W F  Compatibility 
During thc conipletc electrical checkout of the spacecra f t  and operat ing t e s t s  for  R F  compatibility. 

t e l emet ry  and cuprrirnent  ciat:t mnkr up the p r imary  test  data.  

Thermal-.Vacuum 
When the spacecr:ift i s  pl:tccd in the themial-vacuum chamber,  test ing becomes more  res t r i c t ive  be- 

cause  thci-e i s  n o  physical  access  t(> thc- spacec,r:~ft. Sp:icccrnft t e l emet ry  and experiment  data a r e  hard- 

wi red  out of  the ch;tnibcr :ind [~roc( .sscd hy thc : ippr~)pr ia tc  ground stat ion computer .  The ground station 

computer  cam be  programnirci to f o r m a t s  to sui t  the experiment  requ i rements .  Thc exper imente r  pro-  

vides cal ibrat ion t n r g r t s  which :irr mounted in the themia l  vacuum check-of-calibration adap te r  and 

used to s t imul :~ te  s e n s o r s  to provide quantitative, though l imited,  data.  

Launch Site Testing 
At the launch s i t e ,  tcstirig i s  r e s t r i c t ive .  There  i s  no physical a c c e s s  to the spacecra f t  except  at the 

Satel l i te  Assembly Huilding. Oncr on the Pad, no further  experiment  checkout i s  performed.  Only 

experiment  and t e lemet ry  data a r c  ava i l a l~ le .  

Major Test Factors  
'l'hr length o f  the t e s t  progr:im and various res t r i c t ions  outlined above point up the importance of many 

factors ,  the most  s ipi if icant  of which a re :  

* EXPERIhlENT HARDWARE RELIARI1,ITY - Fai lu re  of  any component in spacecraft  environ- 
mental t e s t  r equ i res  re tes t ,  which means  all equipment may be subjected to test ing many 
t imes .  

BENCH CHECI<OUT EQUIPhlENNr must  be rel iable and adequate fo r  experiment  checkout. 

* E:XPERIXIENT 'l,~ZRCET?rnust be capable of perforniance and conlrol  in ranges and tolerances 
eonsistent  with rsperirnent  ranges and tolerances 

'TELEMETRY MONITORS must he careful ly se le r t cd  consistent  with the linlitations of a c c e s s  
to t e s t  data defined above. 
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I N T E R F A C E  C O N T R O L  

:NTERFACE CONTROL SHALL BE ATTAINED THROUGH: 

Establishment of clear lines of communications between NASA, experimenters and participating contractors 

Scheduled interface meetings 

o Documentation of requirements and interface design 

o Change control of interface documentation 

Cognizant NASA and contractor representatives will be identified for each experiment subsystem, the spacecraft subsystems and 

system to assure the proper distribution of information and establishment of personal contacts for technical Interchange. 

Interface Meetings 
Interface meetings will he scheduled on a monthly basis (with special meetings more frequently as  determined necessary) until 

that time when interface design is  f irm. Interface meetings will be attended by experimenters and cognizant NASA and contractor 

representatives. The purpose of interface meetings will be to establish compatibility between the experiments and the spacecraft a s  

c:trly a s  possible through: 

I ) ~ ~ ~ ~ ~ ~ ~ I o N  ANL) ItI-sOIIU'llON of actual and potential design incompatibilities. 

. l)OCUAIt;KK1lA'VION~ of detail interface requirements and design as  they a r e  developed. 

. 1:AL111,li\I(I;/.A I'ION 0 1 :  EXPERIMENTERS with spacecraft design and performance characteristics. 

. l:ARIIl,IAItIZi\ I'10N (11.' SPACECRAFT CONTRACTOR PERSONNEL with experiment design and performance characteristics. 

A unifornl agenda \vill Ile uscd for all  interface meetings, and the documentation of minutes and action items will be required. The 

Itnsic ngcndn \\.ill Ile a s  follo\rs: 

0 Action Iten1 Revic\\, Interface Agreement Status 

Expcrimcnt Design Status 0 Action Items 

Interface Control Documenlatian 
The sp:tcecraft contractor will prepare and publish interface control documentation utilizing NASA and experimenter inputs, 

experiment dra\vings, results of interface meetings and spacecraft system design information. Interface control documentation 

\\'ill include: 

Interface agreements (the controlling document) e Electrical interconnect tables . Mechanical interface drawings e Thermal drawings. 

These documents a r e  the mechanisnl for early definition of all interfaces and for protecting interface design from unilateral change. 

Change Control 

Timely interchange of interface information during the early stages of the program is mandatory and will be facilitated by informal 
control of preliminary issues of interface documents. Fonnally released interface agreements and subsequent revtstons shall 
require approval by NASA, experimenters and cognizant contractors by document sign-off. Changes requlred during the program 
development should be requested through the cognizant NASA technical officer, who in turn will request the NASA spacecraft 
manager to call a special interface meeting o r  include the change on the agenda of the next scheduled meeting for assessment and 
negotiation. Thus, system considerations and trade-offs, as well as experiment considerations, can be applied to reach the 
decision which best satisfies overall program requirements. 
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I N T E R F A C E  AGREEMENTS 

Scope  

Applicable 64acumenOs 

ELECTRICAL INTERFACE 

System Schematic 
Signal Characteris t ics  Table 
Signal Flow Information 

Power Requirements 
Power Allotment 
Thernlal Dissipation 
Power Profile 
Spacecraft Power Re y l a t i o n  
Regulated Bus Transients  
Power Supply Input Circuits  
Power Status Reporting 

Command and Clock Requirements 
Command Signal Interface Definition 
Standard Frequency Signal Interface Definition 
High Level Motor Drive Signals 
Modulated Time Code Signals 

Telemetry Requirements 
Telenletry List 

VIP Interface Information 
Analog lnput Interfaces 
Digital "A" Input Interfaces 
Digital "B" Input Interfaces 
Major F r a m e  Pulse  Interfaces 

Interfaces with Other Subsystems (or Experiments) 

Safety Precautions 
Access 
Separation 
T e s t  

Subsystem Tes t  
System Test  

Handling 
Red Line Restraints  (Allowable Operating Times) 

Hardware 
Experiment Models 
Bench Checkout Equipment 
Targets  
Other tfartiware 

Ilocumentation 
Scheinatlcs 
Slgnal Flou Diagrams 
Bench Check Procedures 
Log Books 
Connector Alate/Deniate Flistory 
Instruction Manuals with Telemetry Calibration 

MECHANICAL INTERFACE 

Configuration - Mechanical Interface Drawing 
Mass Proper t ies  

Weights (Estimated, Calculatetl, o r  Actual) 
Center of Gravity 
Moments of Inert ia  

Mounting Definition 
Alignment 
Thelma1 Surfaces 
Torquing Instructions 

Placement Restraints  

ENVIRONMENTAL INTERFACE 

Temperature 
Deviations from Specification 
Hunlidity Control 
contamination 

Outgassing 
Adherence 
Internal Cleanliness 

Bn~eadace Change Conera! Procedure 
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EXPERWIENT PERFORMANCE IS THE RESPONSIBILITY O F  THE EXPERIMENTER, It is therefore his 

responsibility to  provide the necessary  support in equipment and personnel during the spacecraft  design, 

integration, test and prelaunch fiases.  

Suitable, Equipment 
Each experimenter must provide suitable equipment to permit: 

Incoming test and inspection of experiment hardware a t  the spacecraft contractor facility. 

0 Suitable tests during bench integration with the spacecraft subsystems and other experiments. 

0 Checkout of the experiment during spacecraft integration, test, and qualification. 

0 Effective system confidence tests and prelaunch evaluation. 

The equipment must include the following: 

BENCH CHECKOUT UNITS Test support equipment which simulates spacecraft interfaces and 
enables the complete electrical checkout of the experiment. 

0 TARGETS - Suitable targets a r e  required during experiment evaluation and prelaunch confidence 
tests (Must be controllable to tolerances consistent with the function of the test and the 
equipment being tested.) They must include at  least  the following: 

BCU TARGETS a r e  used for bench check tests a t  ambient, and a s  part  of the check of 
calibration a t  ambient. BCU targets must therefore be compatible with the spacecraft 
check-of-calibration adapter. 

THERMAL-VACUUM TARGETS are  used in functional checkouts during thermal-vacuum 
testing. 

GO-NO GO TARGETS used on previous NIMBUS spacecraft in prelaunch confidence 
tests a r e  not planned for use on NIMBUS E o r  F. 

Personnel 
0 RESIDENT 

A full time resident a t  the spacecraft contractor facility may be required for any experiment. 

Typical resident responsibilities would include supporting all calibration testing, maintenance of 

experimenter - pruoided calibration targets, support ful special checkout equipn~ellt, and ge11era1 

engineering support. 

OTHER PERSONNEL 

Upon the determination of need by the NASA spacecraft manager, the experimenter may be required 

to provide the following support personnel: 

* TECHNICAL SUPPORT a t  the spacecraft contractor facility, the launch site, and possibly special 
support when test problems occur o r  critical tests a r e  being performed. 

* FACTORY SUPPORT for repairs o r  modifications of equipment. 
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The expi:rinienlcr o r  hih dcsig~laictl i-rprcsenintive rnusi: 

@ CEIVI'IFY MPERIX1I~:N'I PERFORhIANCE to specificat~ons upon tlclivery to thr 
spacecraft contractor facility. 

0 E A R T I C P A T E  IN ESTAI3LISHlNG AND CONTROLLING T H E  INTEI<FACE hetween 
h ~ s  experinient and the spacecraft through participation in the development 
and control of interfnc c design, interface agreements, and mechanical and electrical 
interface drawings. 

e ESTAI3LISII AND PIIOVI1)E detailed I~ench acceptance test procedures which define 
the step-by-step procedure for perfornlance of the test, special precautions, and 
test outputs or success cri teria.  

e PROVIDE 24 1101RI SI'I'I-'OI<'I O F  TESTTNG, a s  required, durlng the bench 
acceptance test, bcnch lntegratlon test ,  s u h s ~  stem assen,bly, ~ntegratlon, spacecraft 
system test and prchlaunch phases. 

0 ARRANGE I:01< 'I'tiF RIAM'I'k3ANCF: AND REPAIR of his experiment and for general 
factory sapport of the integration effort (on a crash hasis if necessary). 

e REVIEW SECTIOhS  OT' DETAILED SYSTEhl/SUBSYSTEM T E S T  PLANS that affect 
his experiment. 

e EVALIJATE DATA relative to  his experiment in support of the spacecraft contractor 
during development and key system and subsystem tests. 

e H E L P  IN TROUBLESHOOTING PROBLERlS relating to his experiment. 

e PROVIDE ANY SPECIAL PURPOSE E(JI'1I'XIENT necessary to  evaluate the experiment. 

e ARRANGE FOR TRAINING of resident field service personnel who will operate support 
equipment, and assist  in maintaining this equipment (ground station and bench checkout 
equipment) 

PROVIDE PRELAUNCH EVALUATION of his experiment at  WTR, and inform the 
NASA spacecraft manager when his experiment i s  ready for launch. 

Experiment F a c i l i t i e s  
The experimenter must ensure that facilities and materials a r e  available if rapid repair ,  

updating, and checkout of Ule equipment hecome necessary during the program. A rapid 

turn-around of equipment repair  ant1 updating i s  needed tc maintain program schedule 

requirements. 
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DOCUMENTATION C O N T R O L  and A V A i L A B I L l T Y  

kibrary 
A prograin libi-arv wi:: Ire eskt11is:ied a t  the spacecra f t  c o n t r a c t o r ' s  integrated test  facilitv. 

The  l ib ra ry  will have in s to rage  a l l  spacecra f t  docun~enta t ion ,  interface documentation, 

and experiment  subsys tem documentation. 'I'hese documents  will he avai lable  to NASA, 

exper imente r  and con t rac to r  personnel  and will b e  located in the t e s t  facility to make 

them avai lable  dur ing  integration and sys tem testing. To  e n s u r e  that this l ib ra ry  has 

complete  documentation, experinlenters  sha l l  provide to the spacecra f t  con t rac to r  complete  

s e t s  of the following documents ( a s  they become available): 

@ Drawings 

* Specifications 

@ T e s t  p rocedures  

@ T e s t  r e p o r t s  

@ Operat ion and maintenance manuals 

Progress Report5 
T h r e e  complete  copies  of a l l  experimenter  p r o g r e s s  r e p o r t s  must  he sen t  to the NASA 

GSFC spacecra f t  manager  f o r  use  in p rogram evaluation, planning and schedule integration. 

Information of importance to NASA and the spacecra f t  con t rac to r  which should Iw included 

in monthly repor t s :  

P r o g r a m  s t a t u s  against  milestones 

Pro jec ted  schedule and changes, par t icular ly acceptance t es t  and del ivery schedules. 

Additions/changes to  the L i s t  of hlater ials  

@ Design o r  pe r fo rmance  ch.mges 

@ General  tes t  information ( successes  and fai lures)  

Failure Reporting 
Fai lu re  report ing a t  the  spacecraf t  con t rac to r ' s  facility with respect  to  e ~ ~ e r i m e n t  subsystem 

hardware  i s  accomplished a s  follows: 

Upon incoming inspection of e q e r i m e n t  ha rdware ,  a GSFC malfunction repor t  will 
be completed defining a l l  deviations l r o m  the  interface agreement  and dra\ving and 
omiss ions  of required documentation. 'The r e p o r t s  will he fonvarded to the NASA- 
GSFC quality a s s u r a n c e  representat ive,  ~ v h o  will in turn requ i re  disposition by the 
exper imente r  through the cognizant NASA technical off icer .  It i s  important  that 
timely disposition he made of all de \ i a t ions ,  especial ly  in the c a s e  of hardware 
deviations f rom drawings.  

@ INTEGRATION hi TEST hIAl,f21Jh'CTION 1IEW)RT 

D u n n g  integration and test ,  a GSFC malfunction repor t  will he conlplcted and 
handled a s  s tated above. IIowever. during this phase of the p rogram,  rapid 
disposition may be necessi ta ted to aver t  undue delays.  A special  procedure will 
be implemented hv NASA to handle such c a s e s .  
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Q U A L l f  Y ASSURANCE and REkiA&!LiTY 

The following documents define the quality assurance and reliability requirements implemented 

on the NIMBUS program. The applicability of these documents and the i r  requirements to 

experiment subsystems i s  a s  specified in each experiment subsystem contract. It is  required 

that a l l  experimenters  effect p rograms which implement applicable requirements to a s s u r e  

the high, uniform quality and reliability required for  successful NIAIBUS E and F system 

performance. 

Quality and Reliability Assurance Specifications 

1. GSFC Specificrtlon, "Quality and Reliability Pmvis ions  f o r  NIhlBUS E and F Experiments", NASA 
Publication S-450-P-8 &tad 1 Oct. 1548. 

2. "Prefer red  P a r t s  List", GSFC Document P P L  10,  dated 1 July 1968. 

Additional Q A & R  Docsrrnsntr 

e QUALITY ASSURANCE AND RELIABILITY PROGRAM PLANS must  be prepared,  
submitted f o r  NASA approval, and carefully car r ied  out. 

@ QUALITY LOG BOOKS, INSPECTION AND TEST RECORDS, AND EQUIPMENT 
OPERATING TIME RECORDS MUST ACCOMPANY THE HARDWARE to the 
spacecraft  contractor 's  facility. These data a r e  necessary f o r  maintaining 
overall spacecraft  quality control and for  reference during subsequent testing. 
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S E R l A L l f  A T I O N  and MARKING 

All experiment  hardware must  be scr ial izet l  by placing the a p p r o p r i a k  designation on the 

nameplate ,  Nameplates a r e  required for  a11 preprototype (engineering models) ,  prototype, 

and flight ha rdware ,  which a r e  to be t icsignakd a s  follows: 

P P  = Preprototype - Electr ical ly  and mechanically like flight ha rdware ,  but 
rcrlulrcil ,)ply to opcratc  in  a n  ambient environment. 

P R  Prototype - Identical to flight ha rdware ,  but  used fo r  qualification t e s t  and 
spacecra f t  integration testing. 

F T  - Flight - Intended f o r  flight use  only. 

FS - Flight Spare 

FORMAT O F  SERLALIZATION 

.Program - Nimbus (h') 

Spacecraf t  (E o r  F) 

Type of Unit ( P P ,  PR,  F T ,  FS) I i- 
Unit Number (1, 2, 3 e tc . )  

X X X X  X 

Examples 

a. The  second of two Nimbus E Prepro to types  NE-PP2 

b, Nimbus F Flight Unit NF-FTI 

c. Nimbus E Spare  NE-FSI 

Suppo" Hardware 

A L L  SUPPORT HARDWARE MUST BE MARKED OR TAGGED to a s s u r e  against  loss and 

to facilitate i t s  usage.  T e s t  cables  should be tagged, numbered and identified with the 

experiment  hardware.  The  s a m e  applies  to bench t es t  equipment and miscellaneous test  

and support  equ ipn~en t  

Shipping Containers 

SHIPPING CONTAlNERS MUST BE MARKED "NIMBUS", and must  indicate whether space- 

c r a f t  ha rdware  o r  support hardware o r  both a r e  enclosed s o  that appropriate  handling 

p rocedures  a r c  assured .  

importance of identification 

THE IRIPORTANCE OF EXPERIMENT HARDWARE S1:I~IALJZATlON AND hIARKING. and 

test  supporl  equipnic,nt marking,  can be seen from the simplified equipment flow diagram 

a t  the spacecraf t  con t rac to r ' s  facility (oppostte page). After  incoming inspection, equipment 

iv111 flow in and o i ~ t  of test a r e a s .  the calibration l a b r a t o q ~ ,  and bonded s to rage  many t imes.  

Th is  movement of hardware fmm numerous c x p e r l n ~ e n t e r s  and suhsystem con t rac to rs  

requ i res  s t r i c t  ser ial izat ion and marking to maintain hardware control. 
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SHIPMENT of HARDWARE and DOCUMENMATION 

Advance notice of a l l  shipments must be provided t o  the spacecraft  contractor  to  allow for  

advance preparation of receiving inspection documentation and facilities for accommodating 

t h e  experiment hardware.  

Advance notice must  be made by TWX one (1) week pr ior  to shipment and should note the 

contents of the shipment: 

e of hardware being shipped 

* LIST O F  DRAWINGS AND DOCUMENTATION included in the shipment 

DESCRIPTION O F  BENCH TEST EQUIPMENT included in the shipment 

* Date of shipment and mode of t ransportat ion 

* Lis t  of hardware 

* Approximate s i z e  and weight 

Harnesses  available with shipment 

* Manuals, schematics,  etc. 

The following documentation should accompany a l l  hardware shipments: 

CONNECTOR MATE AND DEMATE HISTORY for a l l  prototype and flight hardware  
to  be shipped. 

ACCEPTANCE LOG BOOK of assembly,  inspection and t e s t  of a l l  prototype and 
flight hardware  to  be shipped. 

o 01'11IL\'I'LY(; 'l ' lhll , :  Sl:hIhlAl(Y lislillg Lot:~l "l'owcr On" time up Lo point of shipment. 

o EACH PIECE OF EQUIPMENT AND WCUMENTATION must be identified to  ensure  
against loss o r  misuse. 

a BENCH ACCEPTANCE TEST PROCEDURES a r e  required no la te r  than two (2) weeks p r i o r  
to the  initial shipment of experiment hardware to  the  spacecraft contractor .  

TEST PROCEDURES ARE REQUIRED EARLY to allow for spacecraft  contractor  t es t  
team review and familiarization. 

SPECIFIC NAMES AND ADDRESSES will be  provided to experimenters  by the spacecraft  
contractor  for the purpose of addressing advance notifications of shipments. 

THE ENTIRE SPACECRAFT SCHEDULE IS DEPENDENT ON THE RECEIPT O F  
EXPERIMENT HARDWARE AT PLANNED W I N T S  THROUGHOUT THE PROGRAM. 
F a ~ l u r e  to meet a shipment schedule o r  provide p m p e r  advance nohce could jeopardize 
spacecraft  delivery and launch. 

@ SHIPPING CONTAINERS must  include shock absorbing provielons and packing features 
which protect the hardware from damage during al l  t ransi t  and handling conditions. 

Deseicants must  be included in containers 
Contamination of hardware must  be prevented. 

ca COKKECI'OIt I'I10I'EC'rIOr\' niust I I C  providcd on :111 hardware and test  cnhles. Plast ic  
caps o r  sinii1:rr co \ ,e rs  t~ ius t  Ilc j)ro~,lded to ensure the safe handling of all electr ical  
cor~ncctors. 
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SPACECRAFT C O B T R A C T O R  FAC!&@TY ACCESS 

PERSONS CONCERNED WI'l'H THE NIMBUS PROGRAM from GSI-'C o r  from contractor  

agencies a r e  required to accomplish two s teps  in o r d e r  to insure entry into the spacecraft 

contractor  facility. 

THE FIRST is to notify the spacecraft  contractor 's  Nimbus Program Office of the 
des i re  to visit concerning Nimbus and to indicate the purpose of the visit. This, 
in t e r m s  of securi ty,  will establish the "need to know." Steps will be taken by the 
NASA/Nimbus Pro jec t  Office upon receipt  of this information to insure that the 
Security Officer, through the Ninibus Program Office, rece ives  the request  for  visit 
indicating the t ime period involved. (Note that securi ty information should be 
forwarded a t  l eas t  two weeks in advance. ) 

THE SECONI) i s  to notify the Securitv Office at  GSFC o r  the contractor 's  plant (in 
the c a s e  of co-contractors) of the intended visit and s ta te  the clearance required. 
In turn,  this securi ty request will normally be honored by the spacecraft  contractor 's  
Security Officer. The GSFC o r  co-contractor's Security Officer will notify the 
spacecraft  contractor 's  Security Officer. This should be done in writing o r  by TWX. 

RESIDENT OR EXTENDED VISIT - If an individual i s  planning to res ide  a t  the spacecraft  

contractor  facility o r  to visit for an extended period, he should establish a s e c u n t ) ~  

clearance for  that period and can request a picture badge which will insure  immediate 

entry.  If no picture badge i s  obtained,a "no-escort" badge may be obtained a t  the visi tor 's  

desk. The "no-escort" badge requires the s a m e  clearance and "need-to-know" a s  

mentioned above. Receipt of a picture badge requi res  the individual to be photographed 

by the spacecraft  contractor 's  Security Office. 

IN AN EMERGENCY, if an individual des i res  to visit concerning the Nimbus Program,  

entry into the facility can also be achieved by receiving a visi tor 's  badge a t  the desk upon 

a r r iva l  and notifying the Nimbus Project  Office a t  the spacecraft  contractor  facility. It 

i s  suggested that this pract ice be avoided because i t  involves having to be escorted a t  a l l  

t imes in the plant. This  can be a hindrance to the timely completion of business during 

the tr ip.  
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EXPERIMENT INFORMATION CHECKLIST 

EXP~RIMENI:  
EXPERIME~.ITER : PHO~UE NO. 
N A S A  EXP, f .O. 
CO V T R A C T O R  RE PS.  - 

S E ~ S I N G  TECHNIQUE: 

T O T A L S  

E  - E S T I M A T E D  C  - C A L C U L A T E D  A  - ACTUAL 

6 
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